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JRESUME 
Yalaable Infoxniation can be obtained by a stadj of soils 
in the fields of science, agriculture and engineering, The various 
techniqtues available in the realm of chemistry can be usefully 
exploited for this purpose. The subject matter of the thesis 
entitled "Physico-chemical investigations on Aligarh clays and soils" 
has been divided, for the sake of convenience into the following 
groups: 
(1) Morphological features of Aligarh soil profiles. 
(2) Physico-chemical characteristics and classification of AligaiHi 
soils. 
(3) Total elemental analysis of Aligarh clays and the i r mineralogy* 
(4) X-ray diffraction studies and mineralogy of Aligarh clays. 
(5) Infrared investigations on some typical Aligarh clays. 
(6) Electrometric studies on some typical Aligarh clays. 
(7) Thixotropy of seme Aligarh clays. 
Every soi l property has i t s ovm verticsQ. distr ibution pattern 
or depth function. In the study of soi l of any part icular area i t 
i s , therefore, important that i t must be studied in i t s entire 
profile. 
( I I ) 
In the studies reported in th i s thes is , s ix profiles were 
exposed in the areas considered typical of the d i s t r i c t and 32 soi l 
samples from different depths were carefally collected from the 
prof i les . They were then subjected to a systeaaatic physico->oheaical 
examination from different angles* I t was considered that such 
Investigations will prove valuable in improving the soi l f e r t i l i t y , 
so i l classification and the mechanical properties of Aligarh so i l s . 
An examination of the morphological characterist ics of the 
so i l s from different profiles of Aligarh d i s t r i c t , showed that they 
consisted of a l lavia l material transported and deposited by the Gauiga 
and Yamuna r ivers , fhe profiles were weak and could not be differen-
t ia ted into well defined horizons. The colour of the soi ls ranged 
from light grey to dark grey and various shades of yellow and brown. 
Mostly the soi ls effervesced with d i l HCl. All the profiles contained 
organic matter. The distr ibution of roots was generally good in the 
upper layers . The natural drainage varied from excessive to poor, 
the order being, I V > I I > V I > X > V > I I I which was further reflec-
ted in comparatively smaller amounts of CaCO- in profiles I I and IV 
as compared to profile I I I . There were vast concretions of calca-
reous matter forming hard nodules especially in the lower horizons 
of profile I I I . The chief cause of the development of these large 
(Ill) 
sized concretions appeared to be the extremely poor drainage of 
these soils caaslng aggregation of CaCO, into lamps and disturbing 
the SAH. Farther in profiles IV and VI pea sized hard nodules of 
ferruginous, manganiferous and calcareous material were observed in 
bottom layers. The deposited material of profiles I, V and VI 
appeared to consist of newer alluvium as compared to the all avium 
of the other profiles. The latter were the highlands ^ile the 
former khadir lands. 
An examination of the mechanical analysis data showed that 
soils of the various profiles were more or less unifona in texture. 
The texture was light and either loam or silty loam except the 
bottom layer of profile I which was purely sand. Similarities of 
topography, climate and natural vegetation seemed to be responsible 
for thfe behaviour. The percentage increase of clay with depth, in 
general, showed a downward trend in profiles I and VI with corres-
ponding increase of either sand or silt while the reverse appeared 
to be the case with profile^ II, No definite order of distribution 
of clay content with depth was observed in res^^ of the profiles. 
The decreasing clay content of profile I with depth appeared to be 
due to depositional variations caused by the river Ganga and that 
of profile VI by the river Yamuna. 
(IV) 
An examination of the sand and silt fractions revealed the 
existence of quartz, labradorite, calcite» mica, biotite and some 
dark brown particles of ferroginous and manganiferous material 
brought dovm by the rirers. 
She physico-chemical characteristics of the different 
profiles are presented in table XIII to XVIII of this thesis. All 
the soils of profile III had a pH value higher than 7 in 1:5 soil 
extracts except the bottom layers. Incidently intensely alkaline 
soils overlied the almost neutral soils of this profile. Also in 
this profile the pH decreased with depth while in profiles IV, V 
and 71 it generally increased with depth. 
The equivalent conductivity of 1:5 soil water extract varied 
fTom 0.313 to 1.719 mmhos per cm. On an average it decreased with 
depth in case of soil profiles III and I while reverse was the 
case in profile V. In other profiles there was no definite order 
and it remained mostly uniform. Water soluble salts were highest 
in soils of profile III, indicating poor drainage of the profile 
and lowest in soils of profile II indicating extensive leaching of 
salts, the order of solubles being III > V > I > VI > IV> II. Ihe 
solubles often caused efflorescence which could be seen in vast 
stretches of the lands after the rains were over in soil types I, 
(V) 
III and V. Bicarbonate was indicated in all profiles, being 
comparatively high in the upper layers of profiles III and V, 
Soluble carbonate was also present in some layers of profiles III, 
IV and Y. Sodlam and potassium were in higher amounts than the 
divalents in the soluble salts of profiles III and V while the 
reverse was the case with profiles II and IV. 
The divalents were in higher proportions than monovalents 
in profile I and they appeared to be prfesent as bicarbonates. In 
profile VI the monovalents appeared to be present mainly as cbO-orides, 
The order of pH agreed with that of the carbonate and bicarbonate 
and with that of sodium and potassium in 1:5 soil water extracts. 
A high sodium absorption ratio was indicated in profiles of soil 
types III, V and VI while it was low in those of I, II and IV. The 
percentage of CaCO, was higher in soils of profile III, I and V as 
compared td those of II, IV and VI. 
Of the exchangeable cations sodium occurred to the extent of 
84.24-9^  in the upper layers which sharply fell to about 6.11?^  in the 
bottom layer of profile III. Higher values of sodium saturation 
were also found in soils of profile V and to a smaller extent in the 
upper layers of profile I. In association with soluble sodium these 
resulted in the development of alkaline conditions in soil profile I, 
(YI) 
III and V. Segregation of calciam carbonate in form of hard nodules 
seemed to be a factor responsible for disturbing the SAR of these 
soils, fhe high sodium saturation resulting in the defloeculation 
of the soil and ?»Usar" conditions had rendered the soils difficult 
for normal agricultural use. 
On the basis of pH, exchangeable sodium and equiv-alent 
conductivity, soils of profile I (upper layer), III (all layers 
except the two bottom layers) and V (all layers except the upper-
most) could be classed as alkaline or solonetz. On the other hand 
all the soils of profile 71 and all of profile I except the top 
layer could be classed as saline or solonchaks. Among saline salts, 
soils of profile I had a large proportion of calcium and magnesium 
chlorides while those of profile VI had a large proportion of 
chlorides of sodium and potassium* A reference to tables LXVII to 
LXXII further revealed that of the divalents, calcium saturation was 
satisfactory except in the upper layers of profile III. According 
to Satner percentages of calcium less than 50^ of the exchange 
complex required calcium amendment in soils. Since application of 
lime may result in further increase of pH, the use of gypsum as an 
ameriolative will be more useful in the soils of this profile. 
The BEO values for soils in the different profiles were 
(VII) 
mostly of the lower order* Ihese were indicative of the fact that 
soils of this area had a low capacity to store and yield the natrients 
needed by plants* 
Classification of soils is very important as it seeks to 
organise knowledge so that properties and relationships of the soils 
may be easily understood and soil data Interpreted. Three systems 
of soil classification have been adopted in this work for the classi-
fication of Aligarh soils vizj the USDA comprehensive system of soil 
classification, the Indian system of soil classification and the 
US Engineer Department system. Each system referred to above has 
a value of its own. These classifications made on the basis of 
morphological and physico-chemical characteristics are given In 
tables LXXIX, LXXX and I£XXI. 
The next part of the study deals with clay mlneraloglcal 
investigations on. Aligarh clays erfcracted from Its soils. Clay Is 
the colloidal fraction of soil and the seat of all Important 
chemical reactions. It plays an important role In understanding 
the physico-chemical behaviour of soils. No single method has been 
found to be satisfactory for an accurate identification of the clay 
minerals present in a soil. Hence a judicious combination of 
several methods has to be adopted to estimate the mineralogy of 
(VIII) 
a particular soil* Xhe techniques of elemental analysis, X-ray 
diffraction, infrared spectra and electrometric titrations have 
been freely used in these investigations. 
The results of ohanical analysis of the clays extracted 
from the typical profiles are presented in tables CXVIII to CXXIII 
of this thesis, along with their molar ratios* The percentages of 
Si02, ^ 6 2^ ^ ^ ^2^3 ^^^ ^ ^^ ^^^ abnormal variations in different 
clays. The percentage of KgO varied from 2.70 to 4-«58« The high 
potash content was Indicative of the presence of lllite as the 
dominant clay mineral in almost all the profiles. Except in some 
layers of profile II, the magnesia content was also high which 
suggested the presence of montmorillonlte or chlorite in the soils. 
The low values of BEG, however, ruled out the presence of any large 
amounts of montmorillonlte. This fact found confirmation in silica 
sesquioxide ratios which varied from 2.54 to 5«6 (except in the upper 
layer of profile II where it was 7.35). The silica alumina ratios 
further confirmed the presence of chlorite and illite in the 
different profiles at varying depths. The trend in the molar ratios 
of different profiles at varying depths pointed to the presence of 
almost the same t3rpes of clay minerals in the different soils of 
Aligarh district though their proportion varied. Further work was. 
(IX) 
however, needed on the clay mineralogy of these profiles before 
any definite conclasions could be made. Studies in that direction 
had, therefore, to be undertaken. 
X-ray diffraction is the most widely accepted method for 
clay mineral identification. The technique has been used in all 
the less than 2 micron sodium clays extracted from 32 soil samples 
of Aligarh profiles. She position (basal spacings) and intensity 
of peaks and the ASTM cards of the X-ray data file, revealed the 
existence of a dominant proportion of illite in the clays at different 
depths followed by the presence of chlorite and quartz. Smaller 
quantities of feldspar and oalcite were also detected in some samples. 
The soils were found to be mostly illitic in composition. 
To further confirm our findiigs a few less than 2 micron 
sodium clays out of the whole range of soils were subjected to 
infrared absorption analysis. The infrared absorption spectra 
—1 
revealed the position of stretching bands in the range 3600 cm 
(OH groups) 3400 cm"^ (absorption HgO), 1600 - 1700 cm"^ (OH defor-
mation frequency of water), 1020 cm"^ (Si-O-Si linkages), 780 cm"*^ , 
—1 680 cm along with shoulder peaks in different regions confirming 
the existence of illite, chlorite and quartz in most of the soil 
clays of Aligarh district.^ The use of electrometric titrations, as 
(X) 
a means of identifying clay minerals and investigating the nature 
of colloidal behaviour of soils is well recognised. Both conducto-
laetrie and potentiometric titrations with acid clays can "be employed 
for characterising clay minerals. Starting witti the pioneering 
investigations of Bradfield, one comes across the work of Baver and 
Scarseth, I^ enison, Hattson, Mitra and others, who in their own way 
have contributed towards the interpretation of the titration curves 
and the nature of soil acidity. Khan and Singhal have utilised 
heterocyclic bases for electrometric titrations of acid clays with 
sharper and well defined inflexions. 
In these studies electrometric titrations of a few typical 
acid clays extracted from the soils of the district were undertaken 
with sodium hydroxide. The results revealed the existence of two 
main inflexions in the potentiometric curves. The inflexions, 
cation exchange capacity obtained from the inflexions, the pH at the 
inflexions and the shape of the curves were indicative of a 
predominant proportion of illite in all the clays, k weaker 
inflexion at a lower pH value indicated the presence of chlorite in 
all cases. The pK values obtained at half neutralisation value of 
the acid clays also pointed to the existence of illite and chlorite 
in Aligarh soils. 
(n) 
Condactometrlc titrations condacted oxider similar conditions 
confirmed the findings obtained "by potentiometry. 
fhe last part of this work describes the results of scmie 
fundamental studies carried out on a few Aligarh clay suspensions. 
The rheologioal behaviour of suspensions has proved very useful in 
studying particle to particle interaction and modes of particle 
interaction, Mc Michael's viscometer has been used for studying the 
rheology of the clays* The method has been utilised for the measure-
ment of yield value, plastic viscosity and the thixotropy of clay 
water suspensions* 
Clay alkali suspensions gave shear-shearing stress curves in 
which the up and down curves did not coincide producing a hysteresis 
loop* The curves were of the type 
y b 
e"' a ax 
The area of the loop was taken as a measure of the thixotropy 
of the systems and indicated the extent of their departure from 
Newtonian flow. 
The change in the flow behaviour of Aligarh clay suspensions 
on addition of alkali has been explained on the basis of internal 
(XII) 
forces wlttilEL the clays which oiidervrejit a change on addition of 
a lkal i with compression of the e lec t r ica l doable layer and a 
decrease in zeta potential of the systems. 
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10. RESUME Separate enclosare 
GEWgRAL INTROPPCTIOH 
GEKERAL INTEODUCTION 
"As a science grows, its ujaderlying concepts change, 
althought the words remain the same" — Hans Jenny . 
The great Importance of tbe stttdy of soil in the field 
of engineering, agriculture and other types of civilisations 
have long been recognised but it only during the last few decades 
that soils as such have been studied in a scientific manner* 
In the la3naan*s mind, the soil is a very concrete thing, 
2 
namely, the "dirt" on the surface of the earth. Hilgard defined 
soil as "the more or less loose and friable material in which, 
by means of their roots, plants may or do find a foothold and 
nourishment, as well as other conditions of growth". Joffe*'^ , 
a representative of the Russian school of soil science, defines 
soil" as a natural body differentiated into horizons of mineral 
and organic constituents, usually unconsolidated, of variable 
depth, which differs from the parent material below in morphology, 
physical properties and constitutions, chemicsQ. properties and 
composition, and biological characteristics". 
Every soil property has its own vertical distribution 
pattern or specific "depth function". The colloidal clay, and 
the satstances that migrate easily within the soil, such as 
soluble salts have an important effect on soil properties. In 
order to gain a more concrete notion of the term "soil", it 
must te studied in its entire profile, 
IHE SOIL PROPILE 
Soil forming forces acting for a long time within the 
parent material of the soil result in a gradual differentiation 
of its layers. Collectively these layers are called a profile. 
In the study of soils, a profile occupies an important place 
because it is considered a natural unit of study. In comparing 
the soil for the purpose of soil classification or for use by 
the farmer, the road engineer or the dam worker, it is necessary 
to consider not merely the surface soil but all the layers that 
constitute the profile. An application of the physical, chemical 
and biological make up of the profile is a prerequisite for the 
skilful use of the system* 
SOIL MORPHOLOGY 
By soil morphology, we mean the doctrine of morphological 
properties and c r i t e r i a of so i l s , that i s , of sach external 
features as we percieve throughi oar senses-sight, toach or smell* 
I t enables as to differentiate the soi l stratum in composition 
I 
and character "by simple observation in the field qualitatively, 
though of course, not all properties of the soil can thus be 
studied. Colour, texture and constitution are some of the more 
important morphological properties of the soil profile* 
OLASSIFICATION 
Classification schemes of natural objects seek to organise 
knowledge so that the properties and relationships of the objeets 
may be most easily remembered and understood for some specific 
purpose. She ultimate purpose of soil classification is maximum 
satisfaction of human wants that depend on use of the soil* Shis 
requires grouping soils with similar properties so that lands can 
be efficiently ipanaged for crop production. Furthermore, soils 
that are suitable or unsuitable for pipe lines, roads, recreation, 
forestry, agriculture, wildlife, building sites, and so forth can 
be identified* 
A genetic classification was suggested in about 1880 by 
the Russian scientist Sockuchaev , and it has been further developed 
by Suropean and American workers* Ihls system is 'based on the 
theory that each soil has a definite morphology (form and structore) 
which is related to a particular combination of soil-foxming 
factors* This system reached its maximum development in 1949 
and was in primary ase (especially> in the United States) until 
1960. In 1960 the United States'Department of Agriculture 
published Soil Classification, a Comprehensive System* Shis 
classification system places major emphasis on soil morphology 
and gives less emphasis to genesis or the soil forming factors 
as compared to previous systems. ,At present it is too early to 
totally give up the 1949 system and go entirely to the 1960 system. 
From engineering point of view, the soil classification 
t 
is done with the objective of finding the ability of the soil for 
6 7 
construction of dams, roads and buildings* All the systems ' of 
classification so far adopted by the engineers are mainly based on 
the mechanical composition cuid the texture of the soil«» 
COMPOSIgJOir OP SOILS 
Because of their extreme variability in physical and 
chemical.composition soils are very ccmi^ lex. However, soils 
consist of four major components viz, air, water, organic and 
mineral matter. Mineral matter forms the balk of soil solids 
and consists of particles of varying size, those in the finer 
state of sal3-division (< ,002 mm) forming the clay fraction. 
The clay fraction is extremely important becaase it is responsible 
for the colloidal properties of the soil and controls its many 
physico-chemical properties. 
Clays are useful as ingredients in a vast number of 
products, for example, paints and rubber. They are also used 
as agents in many processes e.g. water purification. The disposal 
* 
of waste waters and solutions carrying radioactive materials of 
high biological activity is a vital problem in the development 
of atomic energy* The use of clay has been suggested for this 
purpose for adsorbing the ions* 
In the ceramic industry, only some particular clays can 
t)e used to manufacture these ceramic products* Studies of the 
changes taking place when clay minerals are heated to elevated 
temperatures have greatly enhanced our knowledge in this field. •' 
Clay minerals have been studied for a great many years, 
jut within the last thirty years, great strides have been made 
not only by soil chemists, but by investigators from very many 
different disciplines. This has "been possible mainly due to 
increasing importance of clay mineralogy in industry and technology 
substantiated with the results in the field of toineralogy sind 
emergence of new instrumental techniqtues* 
In the oil industry, certain types of bentonite clays are 
essentiaL, for the preparation of the muds, required for the 
drilling of soil wells, while a different type of bentonite, 
forms the basis of many of the catalysts, used in the refining 
11 12 
of petroleum products. ' 
Certain type of kaolinites are used as fillers €uid 
coating materials in the paper industry** Research into structure 
and properties of kaolinite has resulted in im|)royemenks of such 
13 14. paper properties as acceptance to ink, rate of drying etc* * 
• On the basis of the empirical laboratory data the 
engineer has tried to ascertain conditions for soil stabilisa/-
15 tion, '' Similarly for the geologist and the agricoltural research 
workers, the treatment of the subject depends to a very large 
extent on the proper knowledge, of the clay mineral composition, 
of the soil and rock debris, »'' 
For long clays were considered to be composed of amorphous 
matter ajod all attempts to interpret their properties had to be 
l)ased on the findings of s t r i c t l y clieaical methods of investigation. 
18 i9 
Extensive studies of X-ray diffraction patterns ' have revealed 
that even the finest fractions of clays are crystalline in nature 
and composed of comparatively few and simple building units. The ' 
differences in the properties of various clays is now believed to 
depend on the special arrangement of these units in the crystal 
lattices* , 
I 
The structure of common clay minerals have been determined 
in considerable detail by a large number of investigators based 
20 
on the generalisations of Pauling. Two structural units are 
involved in the atomic lattices of most of the clay minerals. The 
first consists of a silicon tetrahedron in which a silicon atom 
.is eCLuidistant from four oxygens, or hydroxyls if needed to balance 
the structure, the silicon being in the centre (0-0 distance 2.5A°, 
unit thickness 4.93A )• The second unit consists of two sheets 
of closely packed oxygen or hydroxyls in which Al, Fe or Mg atoms 
are embedded in octahedral coordination so that they are equidistant 
from six oxygen or six hydroxyls (0-0 distance 2.60A°, OH-OH 
distance 2.94A°, unit thickness S.OSA*') Combination of these 
structural units (held by chemical forces) with modifications, 
finally give rise to the structure of the clay minerals that are 
found in the colloid clay fractions of soils (vide Fig.2). 
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8 
KAOLIiriTE 
Kaollnite, montmorillonite and illite, with a few less 
familiar ones are the groups of clay minerals* Kaollnite Is a 
hydrous alominlam silicate of approximate composition Al20^.2Si02. 
21 2H20« Its name was first suggested by Johnson and Black in 1867 
20 
and structure was suggested by Pauling and worked out in detail 
22 23 
by Gruner and later by Brindley and co-workers. In kaollnite, 
a slngpLe silica tetrahedral sheet is topped with a slighly distorted 
gibbsite sheet, both being foimed by condensation and splitting off 
of water between adjoining hydroxide groups in vertex position*^ 
All the tips of silica tetrahedrons point in the same direction and 
towards the centre of the unit made of silica and octahedral sheets. 
The mineral can thus be described as having 1 to 1 non-expanding 
lattice* (One layer of silica to one of alumina)* Water cannot 
enter these lattices and this explains the* comparatively low moisture 
content as well as low swelling of these clays* A diagramatic 
edge view and some crystal structure features of kaollnite are 
represented in figures 1 and 2 respectively. Structural formula 
may be expressed as ((B)gAl.Sl.O^Q and the size of the unit cell is 
7*2A°* The general shape of the mineral is thin, plate like hexagon. 
The space lattice of the mineral is such that there Is little 
sal>8titation of Ions In Its structore and there are no onsatisfled 
valencies on the cleavage surface. Hence there is no adsorption 
of exchangeable bases on its surface under ordinary conditions. 
Cation exchange capacity is insignificant (4-10 meq/100 g clay). 
MONIMORILLOKITE" 
The mineral was first studied "by leChatellier^ and has 
been assigned the formula (0H).SigAl4 02Q.nH20. Ross and his 
25 
colleagues "^  established the identity of montmorillonite as a 
definite clay mineral species. Now the xisme, montmorillonite, 
is used both as a group name for all clay minerals with an. 
expending lattice (except vermiculite) and also as a specific 
mineral name. Structurally the mineral consists of three layers, 
a gibbsite sheet enclosed between two silica sheets with their 
vertices pointing to each other and towards the centre of the 
unit. As in kaolinite, these layers are glued together by primary 
valence forces due to sharing of oxygen atoms in vertex position, 
(Vide Figs.1 and 2) 
X-ray studies have shown stacking of silica-alumina-silica 
units in the c direction, layers being continuous in direction a and 
b with the result that there exists a weak bond between them and an 
excellent cleavage. Water and other polar molecules can easily 
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penetrate between the imit Is^ers causing the lattice to expand 
in the c direction. The c-axis dimension is, therefore, not 
fixed bat varies from 9»6A^ to substantially complete separation 
of the individual layers in some cases* It is for this reason 
that high volume changes in montmorillonite are induced by 
moisture variation. 
Many familiar names are associated with the investigations 
26 
on montmorillonite. These are: Hofinann, Endell and Wilm , 
27 28 2Q 
Maegdefrau and Hofmann ', Marshall , Hendricks ^ etc. All of 
them contributed in ascertaining the physicochemical behaviour 
of the mineral visa vis its structure. Per example Marshall and 
Hendricks showed that montmorillonite always differed from its 
theoretical formula (0H).SiQA1^02Q.nH20; SiOgSe.?^, AI2S ^®*^^' 
HgO 3^ because of substitution within the lattice of Al, Mg, Fe, 
Zn, Or etc., and of Si by Al or P, giving a series of group 
minerals. Opinions have, however, differed as to the authencity 
30 
of the structure proposed by these wotkers. Edleman and Pavejee 
31 
and McConnell have suggested revisiojos in these structures in 
the light of the base exchange capacity data* 
JLLITE 
32 
The name illite was proposed by Grim, Bray and Bradely 
11 
in 1937 for the mica like minerals, with a 10A° c-axis spacing 
which shows substantially no expanding lattice characteristics. 
The structure of the illite group of minerals follows the pattern 
20 35 34. 35 
suggested by Pauling, Mauguin,"^' Jackson and West,''^ Winehell'^ 
and Hendricks and Jafferson«"^  The basic structure of illite 
species is very similar to that of montmorillonite with the 
difference that some of Si (+4) is replaced by Al (+3) and the 
resultant charge deficiency is balanced by K ions between the 
silica sheets of two successive units* In fact the K ions act 
as bridges binding the unit layers (gibbsite enclosed between 
the silica sheets sharing the vertex oxygen between thoa) together 
so that they do not expand in presence of water^(Vide PigSi»1 and 2) 
The structural foxmula of the mineral is given as (OH).Ky 
(ia4Pe4Mg^Mgg)(SiQ_ Al ) OgQ. The size of the unit cell is 10A®* 
Ismorphous substitution is possible within the lattice resulting 
in wide variation in composition. Thus, those with very little 
replacement of silicon approach montmorillonite while those with 
replacement approach muscovite* She BBC of these clays is much 
lower than in members of montmorillonite species but higher than 
those of the kaolinite species* 
A number of other clay minerals chiefly those of the . 
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chlorite group, vermiculite, attapulgite and mixed layer 
minerals^' hare been reported in soils* The most common of the 
mixed layer mineral are combinations of illite and montmorillonite 
and of chlorite and vermiculite* 
HnrSIOO-OHEMIOAL CHARAGIERISTICS 
The physico-chemical characteristics of soil have much 
to do with its suitability for many uses to which man puts it, 
The rigidity and supporting power, both wet and dry, the freedom 
of drainage, moisture storage capacity, ease of penetration by 
roots, aeration and retention of plant nutrients, crop growth 
and conservation, all are closely connected with the physico-
chemical properties of the soilt^  
The clay particles, by virtue of their structure, are 
likely to pass over to the colloidal state when brought in contact 
with water. The ultimate clay particle appears to exist in the 
form of a very complex anion, exposing a highly negative surface, 
comparable to the inner part of the double layer, the other layer 
being made up of a swarm of rather loosely held cations surrounding 
the particle. When such particles are dispersed in water, the 
cations get hydrated and then dissociate to a certain distance fror 
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the surface, finally leading to the formation of a diffused 
electrical layer. In other words, a suspended clay particle 
may Tse compared to a dissociated electrolyte, the size of its 
ions falling within colloidal range* 
Clay suspensions behave as colloids. The charge on the 
particles exerts an important influence on their properties. In 
view of the importance of physical properties like ionic adsorption 
and exchange, pH and electrical conductivity, electrometric behaviour 
at reversible electrodes, viscosity and thixotropy, a critical 
study of these properties can provide results of much greater 
significance than those obtained by the conventional methods of 
X-ray and Infrared spectroscopy*' 
Ihe reaction of soils and clays, generally expressed by 
pH has been the subject of a large amount of investigation, fhe 
pH data give an indication of the relative base status and nutrient 
availability of similar soils and are of significance in connection 
with miany of the most important pedogenic processes. A sudden 
change in pH causes radical modification in soil conditions and 
if this environment should fluctuate too widely, higher plants 
and micro organisms would suffer seriously. The mobility of many 
elements in soil depends upon its acidity* 
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Solutions offer some resistance to the passage of electrical 
ciirrent and higher the salt content, lesser the resistance to the 
flow of current. The electrical conductivity or conductance of a 
soil suspension is utilised as a measure of its solulale sait content 
and gives an idea of its salinity, nutrient availaMlity and 
possible toxicity to plant growth, 
ION EXCHANGE AMD EXOMHGMBLE IONS 
According to Kelley^ xrtio reviewed the history of cation 
exchange in detail, the discovery that soils have the power of 
exchanging cations with solutions containing other cations was 
the outgrowth of observations dating back into the remote past* 
Thompson^ is generally credited with being the first person who 
systametically studied cation exchange. The term base exchange 
was used to describe the reaction for majoy years, even long after 
it was established that the hydrogen ion may take part in the 
exchange reaction, Thompson showed that, when soils were mixed 
with ammonia and th«i leached with water, the greater part of 
ammonia was held back, ^  
Way ' showed that cation exchange in soils was restricttd 
to the clay fraction and that it was connected with the silicon 
compound in the soil, Porschamer^^ showed that calcium and 
15 
magnesium were released from soil by leactiing with sea water* 
Marshall^^ and others^^ showed that a single cation was 
sorbed by a clay mineral with a wide range of bonding energies, 
and that this was fundamentally related to the position on the 
silica-alumina packet at which the cation was sorbed e«go^ , \^ether 
it was held between the sheets of the layered minerals or around 
their edges* 
Xhe clay minerals are not the only components of clsiy 
materials that have cation exchange capacity* All inorganic 
minerals of extreme fineness have a small cation exchange 
capacity as a result of broken bonds around their edges* Ihis 
capacity increases as the particle size decreases, but even in the 
small size in which non-clay minerals occur in clays, the exchange 
capacity is generally insignificant* Some organic materials having 
cation exchange capacity, and values ranging from 150 to 500 meq 
per 100 g, are reported. *^' 
Prom numerous investigations on soils and clays it is well 
known that the ion exchange property of a soil is due almost entirely 
to the clay fraction «20Xl), and the organic matter, the colloidal 
material of the soil being most important* The particles^ *^^ have 
an amphoteric character as evident from their power to bind bo" 
16 
cations and anioJie. In general, they carry a negative charge, 
which can "be directly demonstrated by electrophoresis. This 
charge arises in two ways: first, by its isomorphous ion 
sabstit lit ions and secondly, by ioni25ation of hydroxyl groups 
attached to silicon of broken tetrahedron planes, in the same 
way as for ordinary silicic acid, that is, 
Si-OH + HgO = SiO"* + HjO"^ , 
The amphoteric, nature of the clay fraction requires, 
however, the existence of positive chaSges. They may originate 
from hydrous oxides of ion, aluminium, manganese, and from 
exposed octahedral groups, which react as bases by accepting 
protiens from the surrounding soil solution; thus acquiring a 
positive electric charge. The existence of negative and positive 
charges on the ssaae mineral has been actually demonstrated by 
50 Thiessen*^  working with the adsorption of negative and positive 
gold sols on kaolinite* 
In soils the most common exchangeable cations are Ca , 
Mg"*"'', H"*", K"*", Wa"*" and MHJ; Ca"*"'" generally being the dominant ion 
with the relative abundance of other ions varying greatly. In 
+ 
alkali soils the amount of Na is exceptionally high. Common anions 
17 
are SO?"*", 01", NO-, HgPOT, HPO?", HCOl and anions of humic acids, 
though some of these anions do not always function as exchangeable 
ions bat are merely present in the soil solution* As early as 
1913 Gans and later Kerr*^ utilised the mass action law in ion 
exchange studies*' Gapon's^ and Jenny* s^^ kinetically derived 
formulae are of mass action type* Also the equations derived by 
54. 55 
VanseloW^^ and by Krishnamoorthy and Overstreet'"' have yielded 
satisfactory equilibrium constants for exchange of metal cations 
56 
on selected bentonite clay and soil colloids*' Erikson"^ has shown 
tha-t the equation of Yanselow anfl of Krishnamoorthy et,al., are 
formally equivalent to Donnan equations which have been extensively 
used in clay studie^'ik 
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Experiments by Way, Gedroiz, Hissink, Weigner and others'^ ''"^  
have shown that the rate of cation exchange in soils is generally 
rapid, requiring only a few minutes for equilibrium* The exchange 
is a surface reaction and proceeds as fat as ions from the 
solution are supplied to the exchanger surface either by diffusion 
or shaking. In such systems limited reversibility, or hysteresis, 
must be related to other causes. The rate is very rapid for 
kaolinite mineral, the exchange taking place mainly on edges. In 
montmorillonite most of the exchange depends on the interle^er 
spacing or degree of swelling,i*e*, on the nature of exchangeable 
18 
ions. In lllite the rate of exchange is slower as it takes place 
along the edges between the narrow interlayer surfaces, Semperature, 
dilution* valence of ions* change in pH and the size of particles 
are the factors that influence rate of ion exchange and have been 
59 60 61 
extensively studied by Hendricks,-^^ Weigner and Jenny, Jarusov 
and others^ 
ELEMEarCAL OHEMXCAL ANALYSIS 
A vast number of chemical analyses of clay materials have 
been published. Objective has been to show the spread of the 
62 
composition of the various clay minerals. Grim has given a 
relation of composition to the properties of clay minerals. 
Chemical analyses of substances and reaction products, have been 
63 
used in correlation with B.T.A, by Oaillere and Henin "^  who 
analyzed chaiiically their synthesized antigorite, and discussed 
its relation with thermal properties. Others who have vastly 
deduced to relationships between physical, chemical and thermal 
properties of clays, on the basis of ch^iical analysis are 
Vicente and Verduch, Stegmuller" and Orcel* A good deal of 
smtalytical data on reference clay minerals is published by the 
67 American Petroleium Institute* ' 
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X-RAY DIFgEAOTIOH 
, Clay minerals exist for tlie most part only in very fine 
clay particles and ttias the powder method is usaally ased to 
obtain the diffraction datao Because of certain inherent 
characteristics of the clay minerals, special cameras and special 
techniques are frequeatly required for clay mineral work. Brindley 
has recently considered X-ray methods as applied to clay mineral 
researches after the work of Bragg, Buerger' and others. 
In clay minerals there are few, if any, reflections 
obtained from spacings less than 1A°. The first order basal reflec-
tion of the clay minerals are frequently their most important 
reflections, corresponding to spacings as large as 20-30A° and for 
this reason cameras with diameters of 9-20 cms are commonly employed 
in clay mineral work« 
Most of the clay minerals occur in flake shaped units and 
consequently when a powder is packed, an aggregate orientation of 
the flakes developes readily, Bradley^^ et al., have described 
a method of forming well oriented aggregates and using them in 
X-ray diffraction studies. 
In case of montmorillonite and vermiculites proper control 
20 
of the bLCBnidity of the atmosphere within the camera is essential. 
Imperfections of crystals affect their diffraction characteristics 
and are -particularly important for clay mineral work. Shape and 
size of the crystal particles exposed to X-ray, influence the 
diffraction effects** 
Kaolinite group gives the prominent basal reflections at 
about 7.14 A°(001) and 3»57A° (002) which are usually adequate for 
its-identification. The third order peak at 4.7A*^  is seen to 
indicate the presence of chlorite. Treatment of a sample of 
montmorillonite with ethylene glycol provides a sharp (001) 
reflection at 17A°. 
The illite mineral can usually be identified on the basis 
-of-X-ray-diffraction-by-thei^-(001 )-spacings -wi-th-the-f-irst-order~ 
at about 10A°. Some difficulty may be encountered with completely 
collapsed montmorillonite, but the slightly lower (001) reflection 
for it and the characteristics of the remainder of the pattern are 
generally adequate to distinguish it from illite* 
IMRARED STUDIES 
72 73 74 
Keller and Pickett' " and Kerr and collaborators were 
the pioneer workers, as regards the application of infrared 
21 
spectroscopy to clay mineralogy. Development of the commercial 
infrared spectrometer combined with improvement in standard 
instrumentation, has resulted in improved adaptability to 
individual research needs, with a wide spread increase in its 
possibilities of application. Present equipments make possible 
the focus of infrared spectroscopy on mineralogical problems. 
Of major significance is the knowledge that a number of molecular 
groups such as CO5, SOj, ITO^  and OET have characteristic infrared 
spectra, which may be rapidly detected in an unknown samplei 
In the case of clay mineral investigations, wavelengths 
of 2-15 microns are used, since the characteristic spectra occur 
in this range. Early work was done by mounting the clay in an 
oil medium (usually Nujol) which caused difficulty, by adding 
its own spectrum to that of the clay. Techniques have been 
developed for mounting the clay without any additive, but special 
arrangements are required for such studies.-
ACID CLAYS AlilD THEIR ELEOIROMEIRIO IITRATIOlSfS 
When clays are subjected to acid leaching, or are electro^ 
dialysed, or passed through a column of ion exchange resins, 
hydrogen ions are preferentially adsorbed by clay particles 
resulting in the formation of acid clays. A clay crystal presents 
22 
two kinds of suxfaces, planer and lateral to a contact solution, 
and the acid character of clay is an attrilDate of these surfaceSo 
The question whether, H or Al are the exchangeable cations in 
clay acid is etill open. Different ideas have been.pat foxvard 
75 to account for the acid character of clays* According to Marshall"^, 
Hendrictef' , Kelly and ITagelschraidt'', leomorphoas replacements in. 
the clay lattice give rise to acidity in clays, Milliken, Mills 
78 
and Obi and,' however, do not think that such replacements are the 
true cause of the acid character of clays. According to them clay 
acid is not an Arrhenius acid having ionisable H'*"(and or Al^ "*") ions. 
On the other hand, it is more like a lewis acid in which on the addi-
tion of a base to an swiid clay, a shift in coordination number of 
aluminium on the surface takes place from six to four as followsj 
Sg + CSPT S4 + HgO 
where Sg represents neutral alominitm, and S^, aluminium in four 
coordination state, The cation of the added base is held up at 
the S, site as followsJ 
g- ^  F^ S^ ..na'*" 
The above mechanism does not account for the now established 
23 . 
fact that H**" ions, as well as, Al "*" ions are liberated from acid 
•70 OQ QH 
clays "by treatment with neutral salts»' * * To explain this 
behaviour supporters of the above MMO mechanism have suggested 
other possible acidic principles which by dissociation could give 
+ 4^- 82 
rise to H or Al ions. According to Goates et al», the 
Arrhenius acid character functions below pH^7, and the Lewis acid 
behaviour is evident at higher pH values*' 
80 
Hydroxyl groups are present in clay crystals as struc-
tural constituents. They may also occur at the lateral surfaces 
resulting from a hydrolysis of broken Si-O-Si bonds and in case 
of montmorillonite^^ such groups are present in the silica layer 
as structural constituents. According to Jackson ^ the aluminium 
ion bonds through oxygen form a variety of functional groups which 
provide the cation exchange site of soil layer silicate clays* 
The bonding is central to soil acidity through not only the acidic 
aluminohexahydronium monomeric cations but also through the weakly 
acid Al-OH ...OH pair at edges of polymerised hydroxy aluminium 
structures in silicate clays. These cation exchange site play an 
important role in determining the nature of soil acidity. Caldwell 
84 8^ 
and Marshall ^ and also Mitra and Mathur attribute a part of the 
acid character of attapulgite to groups such as 
24 
SI OH 
0 \ 
Sl^ OH 
86 Mltra and Sajagopalan think that OH groups are solely responsible 
for the acid character of kaolinite«< Ihey also obtained titrimetric 
evidence which seemed to show that two-third of the base combining 
capacity of hydrogen mica was due to its exposed structural OH 
group and the remaining one-third was traceable to the negative , 
isomorphotts charge of the surface? 
The results on the titrations of clay suspensions with 
bases reveal that the pH variations are in a msuaner> comparable 
8V 88 8Q 
to those of weak acids, '* » ' The interaction between the 
colloidal clay acids and alkalis necessitates the postulation of 
mobile and bound hydrogen ions which constitute the electrical 
double layer. The inflexions- obtained during the titrations of 
clay acids are explained on the concepts of crystallinity and the 
layer lattice structure which postulates the existence of exchange 
QO 
spots with different bonding energies. 
Both condttctometric and potentiometric titrations with 
H-clays may be employed for characterising clay minerals. The 
25 
latter have "been more asefally employed in characterising the 
soil acids» Starting with the pioneering investigations of 
91 
Bradfield, one comes across the works of Baver and Scarseth"^  , 
Denison^, Mattson^^ and others, who in their own way/contrihated 
towards the interpretation of the titration curves and the nature 
of soil acidity* 
Chakravarti^^ and more recently Sarkar and Chatterjee^"^, 
while working with mixtures of pure clay minerals, have noticed 
that in such cases, the inflexion points due to individual 
minerals,' often merge with each other, so that all the inflexion 
points are not separately available in the mixture and from 
potentiometric titrations alone, it may not be possible to get a 
clue about the identity of the minerals in a soil* Horeover, the 
inflexions given by the clay acids are not sharp* To overcome 
such a defect, titrations with organic bases can be suggested* 
Also the idea for non-aqueous titrations was first suggested in 
96 the work of Polin and coworkers some fifty years ago. A number 
97 
of organic solvents have been suggested by various workers^' for 
nonf-aqueous titrations of weak acids. 
IHIXOIROFY 
Ihe property of thixotropy is exhibitea by substanoes. 
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whichL assume a gel structuire. Since existence in the soil state 
is a pre-requisite of gel formation, this property can be very 
well linked uip with the phenomenon of sol gel transformation. 
In simple words, thixotropy can be described as the breaking ap 
of a gel striictttre by mechanical agitation and its re-setting^ on 
allowing the disturbed system to rest. This behaviour was observed; 
for the first time, by Schalek^ in 1923, while working with iron 
oxide sol, and later on with other metal hydroxides* To this 
isothermal reversible sol-gel-transformation Peterfi^^ gave the 
name thixotropy. The property is widely exhibited by clay0» Since 
a few of them, particularly those belonging to the montmorillonite 
group, get easily hydrated and assume a gel structure* 
Although many advances have been made in studying the 
real nature of thixotropy and many workers have tried to give a 
quantitative shape to the phenomenon as a vrtiole, the contributions 
of Freundlich, in its earlier stages of development, are not 
only the most remarkable but extremely brilliant* To him thixo-
tropy was a purely structural problem and shoiOLd be examined in 
the light of some physical property pertaining to the flow of 
liquids. Consideration from this angle would mean bringing in 
its fold cases not strictly following Schalek or Peterfi's 
27 
definition. He iaclades cinder thixotropy materials like 
gelation and pastes of clay whioli become less viscous, or 
elastic, on shaking or strain "but assume the original values 
of viscosity or elasticity when left to rest. In other words, 
a complete transformation from a gel to sol is not strictly ' 
necessary for thixotropy and a partial transformation may be 
quite enough for exhibiting this behaviour. His broad based 
definition finds support in the researches of Norton, Johnson 
101 * 102 
and Lawrence and later on in the works of Goodeve and 
103 Weltmann. '^  Ihe former define thixotropy in terms of the 
departure of the sol system from the ideal behaviour of a 
Newtonian liquid under shearing stress. 
Investigations on the thixotropic behaviour of clays 
date back suLso from the time of Freundlich who along with his 
co-workers carried out a detailed study of crude bentonite 
suspensions (about 12?^ ) in water. These were followed by the 
104-
work of Hauser who was able to bring about gelation of very 
dilute bentonite suspensions (0.26?^ ) on the addition of appro-
priate amount of electrolyte. Attempts have been made to describe 
the structural state in clay dispersions exhibiting thixotropy 
but nothing concrete can be said in this connection. An over-
simplified picture may be one where ions, resulting either from 
2g 
adsorption of added e l ec t ro ly t e s or from surface d i s soc ia t ion , 
d i s t r i bu t e thtsmsel'^es in the diffased double l ayer i n such a 
manner tha t the p a r t i c l e s with t h e i r solvated ha l l s take on 
eciailibrlum positions*' Such a concept i s substant ia ted by ^ 
experiments on l i g h t transmission when a bentonite s o l ' s e t s 
106 to a gel and also from the researches of Langmuir who on 
purely mathematical grounds concluded t h a t the p a r t i c l e s in a 
gel are placed l i k e ions in a c rys ta l and l i e a t a considerable 
distance (upto 1500A*^ ) from each other. The other view-point, 
which assames t h a t the clsy p a r t i c l e s touch each other in complete 
107 
random three dimensional orientation appears to have lo0t aneli 
I 
of its significance now. The phenomenon of thixotropy may be 
regarded as a half way state in the process of coagulation. If 
this statement is taken to be correct, one has to assume two 
thixotropic zones possessing altogether different physical properties, 
In one, a high zeta potential accompanied by high hydration can 
be envisaged, whereas in the other a lower zeta potential with 
a considerable excess of base or salt and formation of aggregates 
can be visualised. Such a postulate, inspite of being interesting, 
has caused considerable confusion in interpretating viscosity data 
on thlxotropyJ°8' 1°9'1^° 
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Quantitative treatment of the phenomenon of thixotropy 
has "been carried out by several workers. " Green and Weltmann 
have suggested the following methods for measuring thixotropy: 
(i) Single point measurements, (ii) Deflection time curves, 
(iii) Single consistency curves and (iv) Double consistency 
curves* 
In the earliest method, introduced by Schalek and 
' 111 
Szegvari (loc.cit,) and much used by Freundlich, the time of 
solidification of the gel was measured by allowing a sol to set 
in a tube of standard dimensions and noting the time when the gel 
ceased to flow out on inverting the tube. Further Schalek and 
Szegvari considered thixotropic gelation as a form of slow 
coagulation and obtained a straight line on plotting time of 
setting of a gel against concentration of the added electrolyte 
according to the empirical equation Log 0 » A - Be. Pryce 
112 Jones used a Couette viscometer in which he measured the rate 
of return of the inner cylinder to its equilibrium position after 
11"^  it has been turned through a certain angle. Van Selms and Kruyt '^  
applied the principle of rolling sphere viscometer to thixotropic 
systems. Goodeve and Whitfield measured thixotropy from a single 
D-Tcur'^e (loc.cit.). 
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The empirical measttrement of ttiixotropy is, at present, 
most effectively accanplished by Pryce Jones method, which has 
been extensively studied by Green and Weltmann (loccit. )• Green 
and Weltmann define thixotropic properties entirely in terms of 
the loop in the flow curve obtained with a rotational viscometer* 
Coincidence of the upcurve and downcurve is taken to indicate 
purely plastic flow without thixotropic effects. According to 
them, a double carve provides information on the rheological 
ct^nge to the material during shearing and can define the 
thixotropic breakdown characteristic of the suspension* Briefly, 
they regard thixotropy as the property responsible for hysteresis 
effects in viscosity-rate of shear curves. The size of the loop 
formed, in this way, under specified conditions of time and top 
rpm would indicate the thixotropy in any-system. The calculation 
of the plastic viscosity from the slope of the downcurve is 
dependent on the conditions of the experiment except with the 
exception of the equilibrium method, where the influence of the 
time factor in the measurement is reduce^ 
THE PROBLEM 
•eids 
Alkaline, saline and barren forming the wastelands of 
A 
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If.P. extend into large areas of Aligarh district situated 
within the parallels 27^29* and 28°11' north latitude and 77^29» 
and 78 38' east latitude. The earliest work on the soils of 
this district was undertaken in 1876 "by J.W.Leather*^^* In 1948 
115 Soil Survey Organisation "^  of Uttar Pradewh surveyed these soilsv 
The work was further extended by Khan and Singhal * ' who in 
1967 investigated the physico-chemical characteristics of the 
surface soil samples of some typical areas of the district* Host 
of the above studies were of a preliminary nature and no serious 
attempt was made thereafter to subject the soils to a thorough 
physico-chemical examination on a whole profile basis* 
In view of the above and the importance of the district 
under the Intensive Agricultural Development Programme it wav 
thought worthwhile to expose a few profiles in the areas considered 
typical by earlier workers and subject the soils from different 
depths to an intensive physico-chemical and mineralogical examina-
tion* It was thought that such an investigation will prove 
valuable to soil chemists and agronomists of the district in 
improving soil fertility as well as,the mechanical properties 
of the soils. 
* 
The last chapter of the thesis deals with rheological 
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behavioftr of some typica l Aligarh c lays , a property considered 
of great p rac t i ca l u t i l i t y in the f ie ld of ceramics and mad 
d r i l l ing.' 
Ihe saTsject matter of the t h e s i s en t i t l ed ••Physico-
chemical Inves t iga t ions on Aligarh clays and soils•• has been 
divided for the sake of convenience in to the following groups; 
( I ) Morphological features of Aligarh s o i l p r o f i l e s , 
( I I ) Physico-chemical c h a r a c t e r i s t i c s and c l a s s i f i c a t i o n of 
Aligarh s o i l s . 
( I I I ) Total elemental analysis of Aligarh clays and t h e i r 
mineralogy. 
( I V ) X-ray d i f f rac t ion s tudies and mineralogy of Aligarh c lays . 
( V) Infrared inves t iga t ions on some typ ica l Aligarh c lays . 
( VI) ELectrometric s tudies on some typ ica l Aligarh c lays , 
(VII) Ihixotropy of some Aligarh clays* 
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CHAHDER I 
MORPHOLOGICAL FEATURES OF ALIGARH SOIL PROFILES 
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IMIRODUOTIOU 
In the study of soil, its morphological characteristics 
occupy an important place. Soil morphology may be defined as 
the properties or the external features of a soil as we perceive 
through our senses, mainly sight, to a lesser extent touch, and 
occasionally smell. Such a preliminary study in the field is 
of utmost utility. 
A morphological study enables us to detect many essential 
characters of a soil by mere observation in the field, without 
analytical investigations, though such observations are of a 
qualitative nature only. The more common morphological features 
are colour, structure, constitution, texture, inclusions, water 
conditions and a few others of lesser significance. 
The colour of a soil is the first thing to strike the 
attention of an observer. It depends upon chemical as well as 
mineralogical composition. The main constituents^ of the soil 
which determine colour are organic matter, ferric oxide, quartz, 
feldspar and ferrous oxide. Colour gives a rough idea of the 
geological and pedalogical origin of soil, the degree of leaching 
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it has undergone, the accumulation of certain substances at 
various levels in the profile and the oxidation and reduction 
processes which it has (Undergone during its formation and 
development. 
Texture denotes the size of individual soil particles. 
It can be qualitatively deteimined in the field by crushing 
and kneading a soil between ones fingers. Field observation 
is enough to establish four grades of texture: sand, sandy loam, 
laam auad clay with a few additional particulars, fexture is an 
important criterion. It conditions the permeability of soil 
and its ability to retain moisture. 
The shape and arrangement of the soil units constitute 
the structure of the soil, Thos the soil may have a more or less 
conspicuous structure or no structure at all. The property 
greately influences the behaviour of a soil like its permeability 
aeration, the growth of vegetation and helps to differentiate 
one soil type from another* 
The constitution of soil means its compactness or loose-
ness, as well as its porosity, if any. It is of considerable 
interest to the forester. 
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Sal t incrus ta t ions and efflorescence, ferroginuous and 
manganiferous concretions are some other important c h a r a c t e r i s t i c s 
of a s o i l which can "be examined in the f ield* 
Ho fu l ly describe the morphology of a s o i l , the s o i l 
p ro f i l e i s the na tu ra l unit of study* Dokuchaev , a Russian 
s c i e n t i s t was the f i r s t to introduce the idea of a s o i l p ro f i l e 
and a study of t he whole s o i l mass extending from the surface 
down to the parent mater ial from which the s o i l was formed. Ihe 
various ve r t i c a l l ayers of a s o i l p ro f i l e are known as the 
horizons* There may toe three main horizons, A, B and C with the 
parent material forming the lowest 0 horizon. In addi t ion there 
may toe suto-horizons. As each horizon develops i t s specif ic 
morphological f ea tu res , i t can toe dist inguished from the o thers . 
All the horizons mentioned atoove may or .may not toe present in a 
2 prof i le* Most t rop ica l s o i l s do not have horizons at a l l 
comparatole with those for what the common A-B-C terminology has 
toeen developed* Most of the auLluviums too, have no d i s t i n c t 
horizon d i f f e ren t i a t i on . 
A torief descr ip t ion of the area se lected for our inves-
t i ga t ions i s given toelow: 
Aligarh covers an important area among the d i s t r i c t s of 
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Uttar Pradesh. The district lies towards north of the Ganga 
Yamuna doa"b vdthin the parallels 27^29• and 28*^ 11» north latitude 
and 77 29' and 78 38' east latitude. The district is of fairly-
big si25e with an area of 50000 sq.km. Its alluvial deposits have 
a gentle slope from north-west to south-east. There are several 
natural depressions apart from those formed by the river valleys 
and drainage lines. Topographically the district presents a 
trough like appearance with high Ganga and Yamuna hanks at the 
extreme rims. It has a semi-desert type of climate, the Langs' 
factor of the district being 25.6 mm per °C and Meyers' N.S. 
Quotient 76, The soils of the district are alluvial with little 
leaching and considerable accumulation of salts on the surface. 
The alluvial beds varying from reddish brown to ash grey in colour 
pass through successive layers of sand, sandy-silt and clay with 
occasional compact beds of kanker of an indurated character. In 
some places pisolitic small concretions of hydrated iron oxide 
are found disseminated in the soil beds.' 
Salt problem in Uttar Pradesh was recognised as early as 
1876 and a commission was set up to investigate the deterioration 
of soils in Aligarh district where a vast area of over three 
million acres (about 159^ ) of the total) consists of barren lands. 
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3 
Leather showed that the injurious salts which were the decomposi-
tion products of igneous rocks under natural weathering processes 
and whwch caused damage were present in the soil profile itself 
and they fcecame evident on the surface layers under certain 
conditions like a semi-arid climate, a hard kanker pan and 
temporary abundance of humidity interspersed with dry periods. 
He called such lands as 'Usar', Soil factors in the district 
such as nearness of water table and or impedence of drainage due 
to the hard kanker pan caused an intensification in the area of 
5 
'Usar' patches. The 'Usar* reclamation committee of Uttar 
Pradesh (1940) reported that the alkaline conditions in the soils 
of the district were mainly due to sodium carbonate and bicarbonate, 
The alkaline layers extended on an average to a depth of 90 to 
125 cm. The distribution of saline soils, though comparatively 
less also covered a considerable area. These soils were charac-
terized by the presence of sodium chloride and sodium sulphate 
and an open texture and existed in a state of flocculation. The 
alkali soils could be classed as 'solonets' and the saline soils 
1 
as 'solonchaks'. 
According to the order of the genesis of the principal 
soil types, the district of Aligarh has been grouped by earlier 
workers into six natural soil regions as indicated on the > 
attached soil map of the district (Pig,3). 
Six localities, considered typical of the area under 
investigation "by previous investigators* were spotted out (Pig,3) 
Profile pits, rectangular in plan and large enough for a man to 
sit were dug to a dept considered necessary in each case (varying 
from afeout 90 cm to 180 cm), The posijfc'ion of the pits was so 
oriented that light indirectly illuminated"both long sides at 
the same time. The pits were left for a while to dry,- According 
to the characteristics visible the soil profile were then divided 
into different layers and subjected to a close physical and 
chemical examination. The morphological characteristics of the 
profiles as observed at the different locations are recorded in 
tables I tb VI. 
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Morpfaologlcal characteristics of Aligarti soil profile I 
(Ganga Ktiadir) 
Locationt Ihis soil is distribated in a narrow belt of recent 
sQ-lavial tract of the Ganga in the north eastern corner of the 
tehsil Atraoli, The profile was exposed in village Sankra of 
the above tehsil. 
Topography; Monotonously level. 
Ganga, 
Water Table: 183 - 305 cm 
Inundation due to floods in 
Property-
Depth in centimeters 
0 - 28 ' 28 - 38 • 38 - 43 *' 43 - 49 ' 49 - 92 
Colour Grey Light 
grey 
Light 
yellow 
Grey Dark grey 
Texture Silt 
loam 
Sandy 
loam 
Sandy 
loam 
Silt ' 
loam 
Sand 
Structure * Granular Massive Massive Massive Struct ure-less. 
Single 
grain 
Constitution Loose Loose Loose Loose Loose 
Effervescence Strong Slight Slight Slight Slight 
Water-
conditions 
Imper-
fect 
Perfect Perfect Imper^ 
feet 
Excessive 
Salt efflo-
rescence 
Present 
as vast 
tracts 
Kil Nil Nil Nil 
Vegetation Oryza 
sativa 
and 
sacharum 
offici-
narum 
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TABLE II 
Morphologioal characteristics of Aligarh soil profile II 
(Eastern uplands) 
Location; This soil is spread out over the entire tehsil of 
Atrauli except for a thin strip of Ganga Khadir» The profile 
was exposed in a field of Datawali village of the atove tehsil 
on the Aligarh Sankra road, 
Topography: Monoton«iously level. No inundation. 
Water table: 460 - 549 cm 
Property 
, Depth in centimeters 
\ 0 - 18 J8 - 46l46 - 58',58 - 79l79 - 97',97 - 127^ 127 - 168 
Colour Yellow- Light Light Light Tellow- Light Yellow 
ish yellow yellow yellow ish yellow 
grey black 
Texture Loam Loam Loam Fine Silt Silty Silty 
sandy loam clay clay 
loam loam loam 
Structure Granu- Granu- Massive Massive Massive Massive Massive 
lar lar 
Constitu- Loose Compact Compact Loose Compact Loose Compact 
tion 
Bfferve- Slight Slight Slight Slight -Nil Slight Nil 
scenee 
Wateiv Perfect Pef^ect Perfect Perfect Perfect Perfect Perfect 
conditions 
Salt effl- Nil Nil Nil Nil Nil Nil Nil 
orescence 
Vegeta- Triticam 
tion vulgare 
and 
zeamays 
solanufflf 
tuberosum 
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TABLE III 
Marufaological characteristics of Aligarh profile III 
(Central lowlands) 
location: This soil occurs widely in the central low lying tracks of 
tehsil Sikandra Eao. The profile was exposed on the barren fields 
around Aligarh Maslim University in tehsil Koil. 
Topography! Monotonously level. No inundation. 
Water Table; 610 - 764 cm 
Property 
t 
Depth in centimeters 
1 
, 0 - 3 1 .31 - 61 ,61 - 80 IsO - 104 104-136 136-152,152 - 183 
Colour Yellow- Yellow-
ish ish 
grey grey 
Yellow 
Texture Silt 
loam 
Loam Silt 
loam 
Structure Puddled Platy Platy 
Constitu-
tion 
Compact Loose Compact 
Efferve- Violent Violent Strong 
scence 
Water con-
ditions 
Imper-
fect 
Imper-
fect 
Imper-
fect 
Salt eff-
lorescence 
Present 
as vast 
tracts 
White 
salt 
deposits 
Many 
concre-
tions 
Vegeta-
tion 
Triticum 
vulgare, 
and 
zeamays 
# 
Whitish Whitish Dark 
yellow yellow 
Yellow 
Loam Sandy Pine sa- Sandy 
loam ndy loam loam 
Massive Massive Massive Massive 
Compact Compact Compact Loose 
Slight Violent Violent Slight 
Imper- Imper- Imper- Imper-
fect feet feet feet 
Many Many Many Many 
concre- concre- concre- concre-
tions tions tions tions 
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TABLE IV 
Morphological characteristics of Allgarh soil profile IV 
(Western uplands) 
location: This soil is mainly distrilDttted in the tehsils of 
Khair, Iglas and Hathras and forms nomerous sandy ridges. The 
profile was exposed in village Lodha. 
Topography? Gently sloping and undulating, No inundation. 
Water TaMe: 458 - 764 cm' 
Depth in centimeters 
rroperxy 1 0-31 I 3 1 - 6 4 . ! 64 - 97 I 97 - 149 1 149 - 183 
Colour Yellow Grey Darkish 
grey 
Darkish 
grey 
Greyish 
yellow 
Texture Sandy-
loam 
Sandy 
loam 
Sandy 
loam 
Silt 
loam 
Loam 
Structure 
1 
Granular Granular Massive Massive Massive 
Constitution Loose Loose Compact Compact Compact 
Effervescence Slight Slight Slight Slight Strong 
Water 
conditions 
Excessive Excessive Perfect Perfect Perfect 
Salt efflore-
scence 
Nil Nil Nil Concre-
tions 
Concre-
tions 
Vegetation Triticum -
vulgare 
and 
pennisetum' 
typhoideum 
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5JABLE V 
Morphological characteristics of Aligarh soil profile V 
(Yamona khadir) 
Location: The overflows of Yamuna in the extreme north west of 
the district has given rise to the formation of this soil in 
tehsil Khair. The profile was dug in village Tappal situated 
on the "bank of Yamvana river of the above tehsil. 
Topography: Sloping. Frequent inundation. 
Water Table: 122 cm 
Property 
0-51 
Depth in centimeters 
I 31-59 59-96 • 96 - 122 
Colour light grey- Brownish Yellowish Yellowish 
grey grey grey 
Texture Fine sandy 
loam 
Silt loam Silt loam Silt loam 
Structure Crumb Platy Platy Massive 
Constitution Compact Compact Compact Compact 
Effervescence Strong Strong Violent Violent 
Water conditions Imperfect Imperfect Imperfect Imperfect-
Salt 
efflorescence 
Vast tracts 
of white 
salts 
deposits 
•Nil Nil Nil 
Vegetation Triticum 
vulgare and 
cicerarietinum 
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TABLE VI 
Morphological characteristics of Aligarh soil profile YI 
(Trans Yamoria khadir) 
LQcation: The tract of land containing this soil type lies 
parallel to the Yamuna khadir in the form of a narrow belt 
about 10 km.wide. The profile was exposed in the village 
Jattari in Tehsil Khair. 
TOpojgraphy! Une ven, 
Water Table: 183 - 489 cm. 
Property-
1 
t Depth in c entimeters 
', 0 - 3 3 I 33-59 , 59 - 102 \ 102 - 147 
Colour Blackish Yellowish Yellowish Yellow 
grey grey grey 
Texture Loam Silt loam Silt loam Silt loam 
Structure Granular Massive Massive Massive 
Constitution Compact Loose Compact Loose 
Effervescence Slight Slight Strong Strong 
Water 
conditions 
Perfect Perfect Perfect Perfect 
Salt 
Efflorescence 
Nil Nil Nil Concretions 
Vegetations Pennisetum 
typhoideum 
and tritieum 
vulgare 
1 
«M1 
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R E S U L T S A N D D I S C U S S I O N 
An examination of the results of our observations on the 
six profiles (Tables I to VI) revealed interesting morphological 
features of the soils from different typical areas of the district* 
The data indicated that all the profiles consisted of alluvial 
material transported and deposited by the Ganga and Yamona rivers. 
« 
The profiles were weak and cotiLd not be differentiated into well 
defined horizons. The colour of the soils ranged from light grey 
to dark grey and various shades of yellow and brown. The soils 
mostly effervesced with dil HCl. All the profiles contained 
organic matter. The distribution of roots was generally good in 
upper layers. The natural drainage "varied from excessive to ^ 
imperfect, the order being, I V > II>VI'^I > V >III. This was 
further reflected in a comparatively smaller amount of CaCO^ in 
profiles II and IV as compared to profile III. There were vast 
concretions of calcareous matter forming hard nodules specially 
in the lower horizons of profile III. The chief cause of the 
development of these large sized concretions appeared to be the 
extremely poor drainage of the soils causing aggregation of OaCO^ 
into lumps and disturbing the SAE, Further in profiles IV and VI 
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pea sized liard nodules of fermginoas, manganiferous and 
calcareous material were observed in bottom layers. The 
deposited material of profiles I, V and 71 appeared to consist 
of newer alluvium as compared to the alluvium of the other 
profiles. The latter were the highlands while the former 
khadir lands. 
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OHAPgER II 
PHYSIOn-nHMIOAI OHARACTERISIICS AUD GIASSIPIOAglQH 
OF ALIGARH SOILS. 
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INgROBXJCTIOI 
Soil is an independent, dynamic body of nature that 
acquires properties in accordance with the forces which act 
1 2 
upon it. Hilgard and Dokuchaer were the earlier founders to 
recognise that many soil properties result from certain physical 
and chemical reactions that occur in the environment. Physico-
chemical properties of soils have been, found to play an extremely 
useful role in the utilisation of soils as craaplex material for 
construction by engineers, in plant nutrition and crop growth 
and in the classification and conservation of soils. Our early 
history indicates that as we developed a knowledge of these 
properties we prospered and advanced in the proper use of soil 
resources. 
Among the purely physical, physico-chemical and chemical 
properties of the soils can be included such important character-, 
istics as mechanical composition, hydrogen ion concentration, 
electrical conductivity, total soluble salts, exchangeable cations 
and base exchange capacity. Such properties often determine the 
nature, composition, constitution, classification and behaviour 
of soils which enable an agriculturist and an engineer to suitably 
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use it for cropping or as a foundation material. 
MECHJLHIOAL OOMPOSIglOH 
Ihe mechanical composition or the distribution of soil 
particles of different sizes viz; sand, silt and clay helps us 
not only in deciding to what textural group a soil belongs but 
also to get an idea of the physical properties and probable 
behaviour under cultivation, road and dam construction and 
foundations. It influences the permeability of soils, their 
ability to retain moisture, their resistance to penetration of 
plant roots and agricultural implements, and availability of 
fertilisers. It has a profound influence on all physico-chemical 
reactions. The results of particle size analysis are widely used 
in soil classification and in other soil studies. 
HYPROGEW lOH COMOaH3!RA3?IQir 
3 
Sorenson's definition of pH as the negative logarithm of 
the hydrogen ion concentration though not capable of strictly 
complying with a soil water system remains the most important 
single measurement made upon soils. pH is produced by chemical 
conditions which exist in the soils and is an important guide of 
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the soil reaction, base status, the mobility of such elements 
as iron, manganese, zinc, copper, phosphorous in soils and hence 
is an important criteria in crop production and soil management 
practices. 
Buffer action or the resistance to changes in pH is a 
common property of most of the soils containing organic acids. 
Aluminium is also partly responsible for the buffering action of 
soils. Alkaline soils with a high percentage of exchangeable 
sodium have a pH value of about 8.5 while saline aoils have a 
value generally below 8,5. I»ime requirement of soils depends 
upon the pH value. The pH value thus gives useful and easily 
available information about a soil. 
ELECTSIOAL OOMDUCTIVITY AND JOIAL SOLUBLE SALTS 
Most of the soils have some amount of soluble salts in 
them. The common ions present as soluble salts are Wa"*", K"^ , Ca"*", 
Mg"'"'*", cor", HCOr, Cl~ etc. Soils having an excess of soluble 
salts are known as saline. According to the USDA^ handbook, a 
soil with electrical conductivity greater than 4 mmhos cm at 
25°C and a sodium content less than half the total soluble 
cations auid a pH less than 8,5 is known as saline. An understanding 
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of the concentration of total soluble salts is important from 
the point of view of readily available nutrients, in the 
estimation of salinity and in their possible toxicity to plant 
growth and normal seed' germination. A high salt-^  concenxration 
(>0,2^) in soils reduces nitrification, depresses solubility 
of organic matter and phosphate in soil. 
The ultimate origin of these salts are the primary 
minerals, although the salts also accumulate through drainage 
and seepage from other areas. The total soluble salts are 
generally estimated by electrical conductivity measurements. 
The content is obtained from the relation:* 
0,064 L X 9^  water in soil at extraction 
Salts in soil » ' 
100 
^1 
where I = electrical conductivity in mmhos cm . 
CALOIUM CARBONATE COMTEMI 
Calcium carbonate is generally precipitated at various 
depths in soils, particularly in arid regions and indicates base 
saturation in mature profiles. The more arid the climate, the 
nearer to the surface is deposition of calcium carbonate. 
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Ctiernozems and Chestnut soils often occur with accujnmaLation 
of calcium cartionate. In calcareous soils, the carlsonate occurs 
mostly in the silt fraction and in horizons affected with ground 
water. In Usar soils of Uttar Pradesh it often occurs as vast 
concretions in form of kankar deposits. An excess of calcium 
carbonate can introduce too much calcium into the soil complex 
thus affecting the soil texture. It can lead to a deficiency of 
trace elements. It Is a frequent constituent of immature soils. 
MSB EXOHAHGE CAPACITY AM) EXCHANGEABLE OA!£IOHS 
The phenomenon of base exchange or cation exchange 
7 8 
capacity has been recognised by soil scientiste'' since very 
early times. It refers to the power of the soil to combine with 
bases in such a manner that they cannot be easily removed by 
simple leaching with water, but can be readily exchanged by an 
equivalent amount of other bases. In other words, it represents 
a limit beyond which the soil salt would be easily hydrolysed. 
It is the property of its fine particles and of Its humus component. 
A study of cation exchange is Important because it gives 
us an idea of the colloidal content of the soil and its capacity 
to store and yield the nutrients needed by plants. It is one of 
the important Identifying characters of the clay minerals. The 
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determination of cation exchaige capacity suad tlie individual 
cations not only helps to evaluate the fertility of a soil but 
also to classify it. 
The exchangeable cations of most frequent interest in 
soils are Ca"^"*", Mg ***", K"*" and Na . Apart from providing a source 
of plant available cations, exchangeable cations affect,the 
physical properties of the soil. Sodium destroys soil structure, 
causing impermeability and all the consequent effects of poor 
drainage. The soil shrinks into hard surfaced prismatic units. 
Excess of exchangeable sodium is toxic to plants. 
In plants potassium is an essential element associated 
7 
with metabolism. It has been suggested' that potassium is needed 
for protien synthesis by linking amino acids to form peptides. 
8 Too high a potassium content in a soil can induce iron chlorosis 
and magnesium deficiency. Potassium levels can affect plants 
water utilisation. A good supply of potassium is essential if 
saline alkali soils are to be utilised. Toxicity of sodium can 
be reduced by potassium due to an antagonistic ion effect and 
consequently if potassium is added to sodium rich water, that 
water can be used for irrigation. 
Calcium occurs widely and abundantly in soils. 
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Exchangeable calcium promotes good tilth. In plants it is 
essential for the growth of root tips and in leaves accumulates 
as calcium pectate. At least 30?^  of the adsorption complex of 
a soil must be saturated with calcium for the average crop to 
obtain sufficient amounts. A deficiency stunts plant roots. 
For many plants, however, too much calcium can be detrimental. 
* 
Magnesium is an essential constituent of chlorophyl and 
is also involved in enzyme reactions. Ihe element affects the 
10 translocation of phosphorous and has been reported to increase 
sugars,• vitamins and starches in root crops, A deficiency of 
magnesium causes chlorosis and animal disorders. 
MS 
Several equations have been developed to illustrate the 
relationship between soluble cations in soil solutions and those 
11 
adsorbed on the c lay. Most of these equations are based on 
physico-chemical concepts. One equation which i s l a r g e l y used 
i s highly correlated with t he proportion of exchangeable sodium 
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on -the exchange complex and is as follows: 
Na"^  
SAR = 
Ca^ "^  + Mg^ "*" 
In this ratio, known as the sodium absorption ratio, the soluble 
cations are expressed on an equivalent basis. The SAR of an 
extract is useful in evaluating exchangeable sodium percentage 
or sodium hazard when a specific irrigation water is used. 
OIASSIFIOATIOU 
Soil classification is a systematic grouping of individual 
soils into certain classes on the basis of their properties and 
characteristics. It is useful in studying, identifying and inter-
preting soil data. In classifying soils the differentiating 
characteristics are the thickness of the horizon and their 
physical and chemical properties. 
There are many systems of soil classification but only a 
few of them may be considered important from the view point of 
their applicability and popularity, 
1 ? 
Marbut (192?) in International Congress of Soil Science 
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* 
held at Washington, proposed a system of soil classification in 
which there are seven stages based on temperature, rainfall, 
maturity of soil profile, parent material, texture etc. 
13 Robinson has divided soils in three broad soil groups 
viz J Pedocals, Pedolfers and Hydromorphous. 
14 According to the old U.S.D.A. system soils are grouped 
into 3 orders; Zonal, Intrazonal and Azonal. 
All the above systems, however, are incomplete in 
completely defining a soil. 
15 A new comprehensive system of soil classification 
(7th approximation) has been developed by Soil Survey Staff of 
U.S.D.A. in 1960. 
The new system has many features to recommend: 
1. It permits classification of soils rather than soil forming 
process. 
2. It focuses on the soil rather than related sciences such as 
geology and climatalogy. 
3. It permits soil classification of unknown genesis, because 
only properties of soil are-needed. 
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4. I t permits grea ter uniformity of c l a s s i f i c a t i o n as applied "by 
a la rge namlDer of s c i e n t i s t s . 
The U,S,D,A« c l a s s i f i c a t i o n depends apon absence or presence 
of diagnost ic epipedon (avirface horizon) or sub-surface horizons. 
I t s few diagnostic horizons are as fol lows: 
Diagnostic horizon 
(1) Mollic 
(2) Umbric 
(3) Ochric 
(4) Histic 
(5) Argillic 
(6) Natric 
(7) Spodic 
(8) Cambic 
(9) Agric 
(10) Oxic 
Major features 
Epipedon 
Thick dark coloured, high base 
saturation, strong structure. 
Same as mollic except low base 
saturation. 
Light coloured, low organic matter 
content, may be hard and massive 
when dry. 
Very high in organic matter content, 
wet during some part of year. 
Sub-surface horizon 
Silicate clay accumulation. 
High in Na, columnar or prismatic 
structure. 
Organic matter and aluminium oxide 
accumulation. 
Altered by physical movement or by-
chemical reaction. 
Organic and cl w accumulation 3ust 
below layer. 
Mixture of Pe and Al oxides and 
1 : 1 type minerals. 
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Thiis system of soi l -c lass i f icat ion classif ies soi ls in 
10 orders, 47 sala-orders, and 240 great groups. 'She orders and 
th.eir eq.aivalent popular names are as follows: 
Orders 
( i) Entisol 
( i i ) Yertisol 
( i i i ) Inceptisol 
( iv) Aridisol 
( v) Mollisol 
( vi) Spodosol 
(vii) A l f i sd 
(viii) Ultisol 
( ix) Oxisol 
( x) Histosol 
Eqgivalent papular names 
Azonal soil, no humic &Lei-soil. 
Tropical black soil. 
Brown forest soil. 
Desert, reddish desert, solanchak or 
reddish "brown soils and associated 
solonetz. 
Chestnut, chernozem, prairie, brown 
forest and associated solonetz. 
Podzol, powderpodzol, ground water 
podzol. 
Grey "brown podzol, grey wooded soil, 
non-calci brovm soil, degraded 
chernozem. 
Hed to yellow soils. 
Laterite or latosols. 
Bog soils. 
The division into sub-orders i s as below: 
Orders Sub-orders 
( i) Entisol 
( i i ) Vertisol 
( i i i ) Inceptisol 
( iv) Aridisol 
Aquent, Arent, Aluvent, Orthent, 
Fsamment. 
Torrert, Udert, Ustert, Kerert 
Andept, Aquept, Ochrept, ELaggept, 
Tropept, Umbrept, 
Agrid, Orthid. 
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( v) Spodosol Aquod, Perrod, Humod, Orthod. 
( vi) Mollisol All3oll, Aciuol l /Borol l , Rendoll, 
Undoll, Us to l l , Xerol l . 
(v i i ) Alf isol Aqualf, Boralf, Udalf, Ustalf, 
Xeralf. 
( v i i i ) U l t i so l Aqaiiet, Humul-fc, Udult, Us tu l t , 
Xeral t . 
( ix) Oxisol ' Aqaox, Humos, Orthox, Torrox, Ustox. 
( x) Histosol Folists, Pibrists, Hemits, Sperists. 
The orders can be described as follows: 
(i) MTISOL (Recent soils) 
Xh.ese are mineral soils withoat natural genetic horizons. 
The central concept of this order are soils in deep regolith with 
no horizons except a plow layer* This order includes extremes 
of highly productive soils on recent allaviom and infertile soils 
on barren sands. Shallow soils on bed roclcs are also included. 
The common characteristics of all Entisols is lack of significant 
profile development. 
(ii) YERIISOL (L>7erto-f>mi) 
The soils of this order are characterized by high content 
of spelling type clays which in dry season cause the soils to 
develop deep wide cracks, A significant amount of material from 
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the upper par t of p ro f i l e may alough off i n t o the cracks giving 
r i s e t o a p a r t i a l "Conversion" of the s o i l . Because of t h e i r 
cracking and shearing, they have been cal led •'Grtunasol". In Ind ia , 
U.S.A., Sadan and Eastern At i s t ra l l i a ; l a rge area of v e r t i s o l s are 
found, 
( i i i ) INOEPTISOL (li-inceptum beginning); 
Incept iso l may be termed yoting s o i l s . Their p rof i l es 
contain horiizons tha t form ra ther quickly and r e su l t mostly from 
a l t e r a t i o n of parent mater ia l s . The horizons do not represent 
extreme weathering. Horizons of marked accumulation of clay, Pe, 
AI2O, are absent in t h i s order. Brown-forest and andosoils typ i fy , 
t h i s order. The many ag r i cu l tu ra l ly useful s o i l s are included in 
t h i s order. 
( iv) ARIDISQL (I.. Aridus-dry) 
The s o i l s are mostly found in dry c l imates , except where 
there i s high ground water or i r r i g a t i o n . The s o i l layers are 
dry throughout most of the year. Consequently they have not been 
subjected to intensive leaching. They may have a horizon of 
accumulation of Ca CO,, gypsum or soluble s a l t s . Aridisol includes 
65 
s o i l s of ar id-region of tlie world, sach as those formerly designated 
as dese r t , reddish dese r t , sierozem e t c . 
(v) MOLLISOL (L. Moll is-sof t ) 
This order includes some of the most important s o i l s of 
ag r icu l tu re . They are characterized by mallic-epipedon. Most of 
moll isol have developed under p r a i r i e vegetat ion.^ The so ca l led 
grass-land s o i l s of the cen t ra l par t of United S ta tes formerly 
c lass i f ied as Chernozem, Chestnut, reddish p r a i r i e along with 
associated homic-glei and plansol make up the cen t ra l core of t h i s 
order. Large areas of moll isol are found in the United S t a t e s , 
Soviet Union, Mangolia, China. Tarai s o i l s of U.P. are c l a s s i f i e d 
as mol l i so l . 
(v i ) SPODOSOI. 
These are mineral s o i l s having spodic horizon, a sub-surface 
horizon with an accumulation of organic matter and oxides of Al with 
or without Pe^Oj, This horizon usually occurs under e luv ia l horizon 
normally an a lb ic horizon. These s o i l s form mostly on coarse 
texture and on acid parent material subjected to ready leaching. 
They occur in humic cl imate . Many of the s o i l s in the northern 
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United States iacluding those of northern Michigaon and Wisconsin 
which were forcaerly classified as Podzol, Brown podzolic and ground 
water podzol belong to this order. The area of spodosols in north-
east extends apto Canada. Large areas of this soil order are found 
in northern Europe and Siberia. These soils are not fertile. When 
properly fertilized, however, they can become quite productive. 
(vii) ALFISOL 
Typified alfisols have a grey surface horizon, medium to 
high base status and contain illavial horizon in which silicate 
clays have accumulated. The later is termed argillic if only 
silicate clays are present and "natric" if in addition to clay, 
it is more than 159^  saturated with Na. They are formed mostly in 
humid regions in areas under native deciduous forests. Alfisols 
include most of those soils formerly called non-calcic-brown, and 
grey wooded soils. Some of our best agricultural soils belong to 
this order. Large areas of these soils are found in Europe stretch-
ing from the baltic states through Western Russia, Siberia, Africa, 
Brazil. They are also found in England, China, France and India. 
(viii) ULTISOL 
This order includes some red s o i l s . Their surface horizons 
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are commonly red to yellow in colour with evidence of accumulation 
of free oxide of i ron . U l t i so l are found under fores t vegetat ion. 
They occur in the warmer par t s of the world with considera"ble 
r a i n f a l l . U l t i so l s have a low f e r t i l i t y l e v e l for food crops "but 
respond well^^to f e r t i l i s a t i o n owing to t h e i r des i rab le physical 
p rope r t i e s . They are prominent on the southern U .SJA. , northern 
coast of Aust ra l ia and in China. 
( ix) OXISOLS (F. Oxide) 
These are highly weathered s o i l s euad t h e i r most important 
diagnost ic fea tures i s the presence of deep oxic sub-surface 
horizon. Weathering and leaching have removed a l a rge par t of 
s i l i c a t e minerals in t h i s horizon leaving a high proportion of 
oxides of iron and alutainium. Ihe clay content i s very high but 
the clays are of non-sticky type . Latosols and water l a t e r i t e s 
are included in Oxisols. The l a r g e s t known areas of oxisol occur 
in south America, Africa and Braz i l . There are few instances 
where modern farming techniques have been used with success on 
these s o i l s . Heavy f e r t i l i z a t i o n specia l ly for phosphorus i s 
required. Deficiency of micro-elements have been observed in 
ox i so l s . 
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V (x) HISTOSOLS (G.HJBtos tissue) 
The last of soil orders includes the so called organic 
soils. These soils have developed in water saturated environment. 
They contain a minium of 20^ organic matter if no clays are present; 
30^ of the clay content is more than 50?S. In virgin areas, the 
organic matter retains much of the original plant tissues. These 
soils are of great practical importance in local areas, being 
among the most productive ones. 
ENGI3HEERING OMSSIFIQATION 
Prom an engineering point of view, the classification of 
soils is done with the objective of finding the suitaMlity of 
the soil for construction of dams, roads, and as foundation 
material. Most of the systems used for this purpose are based 
on the mechanical composition and the texture of the soil. Thus 
16 the extended foim of Casagrande classification of soils is the 
code practice for site investigation and for classifying soils 
for roads and air fields. The U.S. Public Roads Administration 
17 
classification was adopted by the Highway Research Board in 1945. 
Other systems under use are those developed by Civil Aeronautics 
Administration, K.B. Woods^ (Compaction classification), 
Burmister^^ and others. A classification which is frequently used 
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i s the t ex tu ra l c l a s s i f i c a t i o n which u t i l i s e s a tringiiLar diagram, 
depending upon the percentages of sand, s i l t , and clay. The 
diagram i s divided in to ten areas as adopted by the U.S.Bureau 
21 
of Soi ls and the U.S. Engineer Department. 
E X P E R I M E N T A L 
Sample col lec t ion 
Samples of the s o i l were collected from the areas as 
mentioned in chapter I (Tables I to VI), During the co l l ec t i on of 
s o i l sacaples, the importance of taking represen ta t ive composite 
samples was kept in mind, A small port ion of s o i l from at l e a s t 
t en well d is t r i l iu ted spots in each of the horizons of the same 
prof i l e of the area were col lected and then mixed well to form a 
homogeneous sample. 
Mechanical analysis 
The mechanical analysis of s o i l s was determined as per 
In te rna t iona l P ipe t te method in which 10 grams each of the so i l 
samples were dispersed in water a f t e r treatment with hydrogen 
peroxide and 0,2N hydrochloric acid using 50 cc sodium oxalate 
( 8 g / l i t r e ) as d i spersen t . The percentages of coarse, medium and 
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fine sand were calcalated from the weighit of the residues left 
behind on 25, 72 and 200 mesh (B.S.S.) sieves. The suspension 
was diluted to 500 cc and transferred to the graduated boiling tube 
which was immersed in a constant temperature water bath at 25^1^0 
throughout the course of pipetting, 10 cc samples were pipetted 
out carefully at specified intervals of time from a depth of 10 cm,, 
dried and weighed. The percentages of medium silt, coarse silt 
and clay were then calculated from the weights of residues. The 
resolts for mechanical analysis for soils of different profiles 
are recorded in tables 711 to XII. 
pH determination 
The pH was recorded with Backman pH meter model Gr with 
glass and saturated calomel electrodes assembly, A 1 : 5 
soil : water ratio suspension was used for measuring the pH of 
the soil. The results obtained are recorded in tables XIII to 
XVIII. 
Base exchange capacity 
Difficulties arose in the estimation of cation exchange 
capacity and exchangeable calcium and magnesium in case of most of 
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those Boils. Variable anfl improvable valaes for cation exchange 
capacity were obtained in ceee of profile nos. I, III, IV suid V by 
ammonium acetate pH egoilibration and barium chloride triethanola-
mine methods. The chief oaase of variable values appeared to be 
the salts of calcium and magnesium present in the soils. In our 
modified process these salts were first washed out from the soil 
by treatment with 0.05N hydrochloric acid. The acid soil was then 
leached with 1N neutral sodium acetate (pH 7) solution till it was 
completely converted into sodium soil. Such samples were then given 
five washings with 1N calcium chloride solution. The calcium soil 
thus produced was washed with distilled water till the filtrate 
was free of chloride ions. The calcium was then replaced by five 
washing with neutral 1N sodium acetate solution. The calcium thus 
replaced was then estimated in the filtrate by versene titration 
using eriocbrome black T as indicator. From the amount of calcium 
exchanged the base exchange capacity of the soil was evaluated. 
The values so obtaired for the bee were further verified 
by estimating the values by Ganguli's ' method. In this case 
a 5g sample of the air dried soil was treated with 0,2N hydrochloric 
acid till acidic, shaken for half an hour and then filtered through 
Buchner funnel till the filtrate was free from chloride ions. The 
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residue was transferred from the Bacliner funnel to a beaker and a 
suspension of known concentration prepared. It was then treated 
with the same volume of a saturated potassium chloride solution, 
shaken for half an hour, and left over night. The exchanged 
acidity was titrated with standard 0.IN sodium hydroxide using 
phenolphthalein as indicator. From the amount of NaOH required, 
the bee of the soil was calculated. The result of base exchange 
capacity are recorded in tables XIII to XVIII. 
Calcium carbonate content 
The calcium carbonate content of the soils was determined 
24 
as per Jackson, by taking 10g. of each of the samples on a Buchne: 
funnel. The samples were washed with distilled water till free 
from chloride ions. The sample in each case was then transferred 
to a conical flask, treated with 50 ml of 1N hydrochloric acid 
shaken and boiled on a steam bath till the reaction was over. It 
was then cooled to room temperature and back titrated with 1N 
sodium hydroxide using phenolphthalien as indicator. The end point 
was recorded when the pink colour persisted for 15 seconds on 
shaking the solutions. The results are recorded in table XIII to 
XVIII. 
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Individual and t o t a l soluble s a l t s 
The e l e c t r i c a l conductivity was recorded with Phi l ips 
conductivity meter. A 1:5 so i l :water r a t i o suspension was used 
for measuring the e l e c t r i c a l conductivity of the s o i l . Total soluble 
s a l t s were calculated from conductivi ty measurements using the 
r e l a t i o n ; Percentage of soluble s a l t s 
0.064 X Immhos X ?i of water in s o i l a t ext rac t ion 
* 100 
1 
Total soluble salts were expressed in meq/lOOg of soil with the 
help of the relation: 
Total soluble salts in meq/lOOg. = 6.25 X E C 
These were further checked by drying and weighing of the clear 
supernatant extracts. The results obtained are recorded in 
tables XIII to XVIII. 
For the determination of individual soluble cations viz., 
Na"**, K , Ca"^  and Mg"^"*", a water soluble extract of the soil was 
prepared by treating 25g of the soil with 125 cc of distilled 
water. The mixture was then well shaken and allowed to stand 
and filtered. Sodium and potassium were estinated in the extract 
by flame photometry, Lange's flame photometer with acetylene flame 
was used for this purpose,• Pure grade sodium chloride and potassium 
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chloride standards in the contraction range of 0 to 100 ppm were 
prepared for recording the standard curves. (Vide Pig.4) The 
results obtained in meq/lOOg are recorded in tables XIX to XXIV 
for sodium and tables XXV to XXX for potassium. 
gstimation of soluble calcium and mggneslum 
Calcium and magnesium as soluble salts were estimated by 
versene titration method using murexide and eriochrome black T as / 
indicator as described in the case of whole elemental analysis 
(vide chapter III), The results expressed in meq/lOOg are reported 
in tables XXXI to XXXVI. 
Estimation of soluble carbonate^ bicarbonates and chloride as 
soluble salts 
Titrimetric procedures ^ were adopted for the estimation of 
carbonate and carbonate plus bicarbonate with standard 0.05N 
sulphuric acid using phenolphthalien and methyl orange respectively 
as indicators. Bicarbonate was estimated by difference between the 
readings COZ"" + HCOl and GOZ", A 1:5 soil:water ratio was used 
in the extraction of these ions. The results obtained are reported 
in tables XXXVII to XLII. 
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Chloride ions were estimated by titration with a known 
strength of silver nitrate solution using potassium chromate as 
indicator. The results obtained are reported in tables XLIII to 
XLVIII. 
Estimation of exchangeable sodium and potassium 
The exchangeable sodiiM and potassium were estimated in 
the neutral amonium acetate extract by flame photometer as in case 
of soluble salts. Results obtained for sodium are reported in 
tables XLIX to IIV and for potassium in tables LV to LX. 
Estimation of exchangeable calcium and magnesium 
The exchangeable calcium and magnesium were estimated in 
the barium chloride-triethanolamine extract of the soils. The 
estimation of the exchangeable cations in the extracts were made 
as per methods adopted for these elements in the case of whole 
elemental analysis (chapter III), The results obtained are 
recorded in tables IXI to LXVI. 
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fABLE VII 
Mechanical analysis of Allgarh soil profile I. 
(Ganga khadir) 
1 
Mechanical , Depth in centimeters 
composition i "" ? i « as percen- { 0 - 2 8 , 2 8 - 3 8 , 3 8 - 4 5 , 4 3 - 4 9 i 49 - 92 
tage. , , , f f 
Coarse Sand 0.32 M l Nil Nil l i l 
Medium Sand 5.14 0.64 1.18 0.74 3.04 
Pine Sand 33.61 70.61 43.18 54.68 92.29 
Coarse S i l t 33.92 21.83 43.09 39.28 3.27 
Medium S i l t 16.35 2.30 3.95 1.80 0.90 
Pine Silt 6.25 1.00 1.70 0.05 0.30 
Clay . 4.40 4.70 6.90 3.45 0.20-
Textural Silt loam Pine sandy Light Silt loam Sand 
class loam sandy loam 
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TABLE 7 I I I 
Mechanical aaalvs is of Aligarhi s o i l p ro f i l e I I . 
(Eastern uplands) 
Depth in centimeters ' Mechanical } 
c omp 0 s i t i on i 1 1 j f 1 1 
percentage. ] ° - ^^\^^ " ^^ l^^ - 58;58 - 79)79 - 97) 97-127)127-168 
Coarse Sand 1.11 1.91 1.33 0.48 2.75 3.50 1.05 
Medium Sand 2.06 2.30 2.52 2.75 2.24 2.75 0,87 
line Sand 42.26 44.01 45.90 49.25 33.53 12.34 11.83 
Coarse Silt 30.28 33.58 31.76 20.53 40.69 33.56 33.85 
Medium Silt 8.15 8.55 5.70 10.40 6.80 10.70 12,20 
Pine Silt 7.20 0,30 2.65 4.70 3.50 7.65 8.65 
Clay 8,95 9.35 10.15 11.90 10.50 29.30 3.55 
Textural 
Class 
Loam Loam Loam Pine Silt 
sandy loam 
loam , 
Silty Silty 
clay clay 
loam loam 
- V \ 3 8 ^ 
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TABIB IX 
Mechanical aiialvsis of Aligarh soil profile III. 
(Central lowlands) 
Mechanical 
composition 
as 
percentage 
Depth in centimeters 
I I I 
0 - 31'31 - 61'61 - 80' 80-104'104-136M36-152» 152-183 
t f I t t i 
Coarse Sand 0.05 1.63 16.07 20.19 45.31 4.18 1.31 
Medium Sand 0.84 0.50 2.18 5.32 3.35 2.18 1.02 
Pine Sand 32.72 30.58 18.87 11.86 14.56 50.54 74.61 
Coarse Silt 22.29 22.49 13.87 17.22 8.27 14.95 13.31 
Medium Silt 11.00 9.80 10.40 6.10 20.40 14.65 2.25 
Pine Silt 30.15 17.15 20.10 22.20 4.50 11.80 2.95 
Clay 2,95 17.85 12.50 17.00 3.60 1.70 4.55 
Textural S i l t Loam S i l t Loam Sandy Pine Loamy 
Class loam loam loam sandy sand 
loam 
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TABLE X 
Mechanical analyals of Aligarb. s o i l p ro f i l e lY. 
(Western uplands) 
1 
Mechanical , . Depth in centimeters 
composition , j ; i 
as t 0 - 3 1 * 31 - 64 » 64 - 97 ' 97 - 149 » 149 - 183 percentage. , t u-r ^ w-r --( ^ ^-i t-r^ ^ 
Coarse Sand 0.59 0.27 0.45 0,68 0.40 
Medium Sand 1.30 . 1.23 0.95 1.26 4.70 
Pine Sand - 38.22 44.54 38.33 25.07 37.76 
Coarse S i l t 32.49 24.66 23.87 24.38 25.14 
Medium S i l t 8.10 5.30 7.60 17.10 9.00 
Pine S i l t 6;20 7.25 18.50 9.60 6.10 
Clay 13.10 16.75 10.30 21.90. 16.90 
Textural Class Loam Loam Loam S i l t loam Loam 
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TABLE XI 
Mechanical analysis of Aligarii s o i l p ro f i l e Y. 
(Yamuna khadir) 
Mechanical 
comppsition 
as 
percentage. 
Depth in centimeters 
i i 1 
0 - 3 1 ' 3 1 - 5 9 ' 5 9 - 9 5 ' 95 - 122 
f I I 
Coarse Sand 
Medium Sand 
Pine Sand 
Coarse S i l t 
Medium S i l t 
Pine S i l t 
Clay 
0.-62 
1.65 
52.55 
23.29 
9.70 
3.75 
8.45 
0.54 
1.29 
31.54 
47.93 
3.00 
0.75 
14.95 
Textaral Class Pine sandy S i l t loam 
loam 
2.37 2.90 
1.73 2.11 
31.09 40.43 
23.46 19.97 
7.65 , 6.55 
8.05 18.15 
15.65 9.90 
Loam Loam 
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TABLE XII 
Mechanioal ana lys i s of Allgarh so i l prof i le VI. 
(Trans Yamima khadir) 
Mechanical 
composition 
as 
percentage. 
t 
1 
1 Depthi in centimeters 
t 
t 
t 
0-33 
t 
t 33-59 
f 
t 
t 
1 
i 
59 - 102 ' 
i 
' 102 - 147 
1 
Coarse Sand 0.10 0.49 4.07 4.45 
Medium Sand 0.64 0.21 ^ 1.84 1.86 
Eine Sand 39.29 27.65 24.79 29.80 
Coarse Silt 44.46 47.45 54.06- 26.29 
Medium Silt 0.14 1.25 1.33 11.60 
Fine Silt 0.17 • 3.75 0.28 16.10 
Clay 15.20 19.20 13.63 9.90 
Textural Class Loam S i l t loam S i l t loam S i l t loam 
82 
(PABLB XIII 
Physico-chemical c h a r a c t e r i s t i c s of Aligarh s o i l p rof i l e I . 
(Ganga khadir) 
Concentration of s o i l in suspension = 5.0g per 25 cc 
Depth i n ' 
cm. 
' PH 'B.C. in 
mmhos Cm" 
t 1 
•Tota l 
1 'water 
' s o l u b l e 
• s a l t s i n 
•meq/lOOg 
• s o i l ' 
' BEG ' ?^age of 
' CaCO^ 
0 - 2 8 8.5 , 0.809 5.06 9.50 10.75 
2 3 - 3 8 7.9 , 0.530 3.31 3.65 10.13 
38 - 43 8,2 0.704 4 .40 4 .50 10.88 
43 - 49 8.1 0.658 4.11 7.30 9.64 
49 - 92 8.1 0.453 2.83 0.70 0.50 
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TABIiB XIV 
Physico-chemical characteristics of Allgarh soil profile II> 
(Eastern uplands) 
Concentration of soil in suspension « 5«0g per 25 ec 
Depth in ' PH 
1 t 
'B.C. in 'Total • BEC ' jSage of 
cm ' ' . ^ -1 'wa te r 
.mmhos cm .golut le 
' ' s a l t s in ' 
' 'meq/lOOg " 
CaCO^ 
• 
' ' s o i l ' 
r 1 1 
0 - 1 8 7.2 0,454 2.84 10.00 5.14 
18 - 46 7.9 0.351 2.19 6.25 5.76 
46 - 58 8.1 0.329 2.05 6.75 4.93 
58 - 79 8.0 0.346 2.18 6.89 4.50 
79 - 97 7.2 0.313 1.96 6.75 4.13 
97 -127 7.8 . 0.346 2.15 12.55 4.01 
127-168 7.1 0.343 2.17 12,00 3.88 
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TABLE XY 
Physico~chemical characteristics of Aligarh soil profile III. 
(Central low lands) 
Concentration of soil suspension 5,0g per 25 cc 
Depth i n 
cm, • 1 
, PH ,E,C. i n 
'mmhos cm' 
1 
,a?otal , 
•1 ,water 
(Soluble 
( S a l t s i n 
,me(i/lOOg 
, s o i l 
B£C , ^age of 
, CaCO» 
0 - 3 1 9.2 1.500 9.37 16.35 8.16 
31 - 61 9.5 1.719 10.74 17.45 10.43 
61 - 80 8 .8 0,822 5.14 22.95 45.64 
80 -104 7 .6 0.731 4 .57 18.80 51.13 
104 -136 7 .9 0.641 4.01 12.70 53.76 
136 -152 6.2 0.506 3.17 11.55 15.25 
152 -183 6.4 0.506 3.16 8 .18 14.63 
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TABLE XVI 
Physico-chemical c h a r a c t e r i s t i c s of Allgarbi s o i l p ro f i l e lY. 
(Western uplands) 
Concentration of so i l in suspension 5.0g per 25 cc 
Depth i n pH -
1 ^..-. 
B.C. i n ' T o t a l • BEC • ?Sage of 
cm* m«,^ /^^ a' ^m"'' 'wa t e r 
mmhos cm . g a m b l e 
' s a l t s i n 
'meq/100g 
' s o i l 
1 
CaCOj 
0 - 3 1 7.9 0.488 3.05 9.65 8.01 
31 - 64 
64 - 97 
97 - 149 
149 - 183 
7.8 
8.0 
8.2 
8.6 
0.730 4.56 9.90 6.00 
0.598 3.52 9.45 4 .88 
0.548 3.43 9.93 4 .50 
0.470 2.94 8 .03 4 .38 
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TABLE XVII 
Physico-ciiemical characteristics of Aligarh soil profile Y. 
(Yamuna khadir) 
Concentration of soil in suspension 5.0g per 25 cc 
Depth in pH 
r t 
E.G. in ' Total • BEC 9^age of 
cm. ' . _ —1' water 
,mmhos Cm , ^^^^^^^.e 
' ' s a l t s in 
' meq/IOOg 
' • s o i l 
1 1 
' CaCO, 
0-31 
31 - 59 
59 - 95 
95 - 122 
8.1 
8.9 
9.3 
9.1 
0.730 4.56 8.01 9.00 
1.028 6.42 9.83 10.01 
1.030 6.43 11.12 10.26 
0.824 5.16 11.98 9.25 
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TABLE XVIII 
Physico-chemical cliaracteristics o£ Allgarh soil profile VI. 
(Trans Yammia khadir) 
Concentration of soil in suspension 5.0g per 25 cc 
Depth 
cm. 
i n pH E.G. 
mmhos 
in 
Cm" 
1 
1 
f 
t 
Tota l 
wate r 
so lub le 
s a l t s i n 
meq./100g " 
s o i l ' 
• BEC ' ^^age of 
' CaCO, 
0 - 3 3 
33 - 59 
59 - 102 
102 - 147 
7.5 
7.7 
8.1 
8.1 
0.598 3.74 9.55 ~ 6.65 
0.549 3.43 12.70 3.88 
0.800 5.00 12.25 20.05 
0.731 4.57 12.64 25.93 
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TABIB XIX 
Estimation of soluble eodium in Aligarh soil.profile I 
by flame photaneter method, 
(Ganga khacLir) 
Filter used =s Sodium 
Concentration of soil in extract = 0.1g per cc 
I I I 
Depth in cm, , Photometer , Na cone, in , Soluble Ua. in 
, reading , ppm from , meq^per 100g 
, , standard curve, soil 
0-28 11.80 11.80 0.50 
28 - 38 5.90 5.90 0.25 
38 - 43 5.90 5.90 0.25 
43 - 49 5.90 5.90 0.25 
49 - 92 3.07 3.07 0.13 
O 
Z 
o 
< 
lU 
cc 
UJ 
t -
UJ 
z 
> 
- J 
<r 
O POTASSIUM 
X-SODIUM 
O lO 20 30 40 SO 60 70 80 9 0 lOO 
CONCENTRATION OF ELEMENTS IN p p m . 
STANDARD CURVES FOR SODIUM AND POTASSIUM USING FLAME PHOTOMETER 
F I G . 4 
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TABLE XX 
Estimation of solu'ble sodium In Aligai^ soil profile II 
by flame photometer metliod. 
(Eastern uplands) 
F i l t e r used L = Sodii m. 
Concentrati .on of s o i l in ex t rac t 
• 
O.lg per cc 
Depth in ca u 
1 
t 
1 
Photometer 
reading 
f f 
*ITa cone, in ppm* 
•from standard * 
'curve ' 
Soluble Na. in 
meq.per lOOg 
so i l 
0 - 18 8,49 8.49 0.36 
18 - 46 5.90 5.90 0.25 
46 - 58 5.90 5.90 0.25 
58 "• 79 4.50 4.50 0.19 
79 - 97 4.00 4.00 0.17 
97 - 127 4.50 4.50 0.19 
127 - 168 5.21 5.21 0.22 
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TABLE XXI ' 
Estimation of soluble sodium in Aligarh soil profile III 
by flame photometer method. 
(Central lowlands) 
Filter used 
Concentration of soil in extract 
Sodium 
0,1g per cc 
Depth in cm. ' Photometer ' 
' reading 
1 1 
'Ua cone, in ppm' 
'from standard ' 
' c urve ' 
1 1 
Soluble ITa. i n 
meq.per 100g 
s o i l 
0 - 3 1 96.28 96.28 . 4.07 
31 - 61 90.22 90.22 3.81 
61 - 80 48.78 48.78 2.06 
80 - 104 41.20 41.20 1.74 
104 - 136 45.33 45.33 1.91 
136 - 152 18,94 18.94 0.80 
152 - 183 12.78 12.78 0.54 
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TABLE XXII 
Estimation of soluble sodium In Aligarfa s o i l -profile IV 
by flame photometer method. 
(Western uplands) 
F i l t e r used 
Concentration of soil in extract 
Sodium 
0,1g per cc 
Depth in cm. Photometer 
reading 
'Ua cone.in ppm * Soluble Na« i n 
'from standard • meq.per 100g 
' c urve ' s oil 
0 - 3 1 10.18 10.18 0,43 
31 - 64 5.68 5.68 0.24 
64 - 97 6.00 6.00 0.26 
97 - 149 7.81 7.81 0.33 
149 - 183 9.24 9.24 0.39' 
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TABLE XXIII 
Estimation of soluble sodium in Aligarti soil profile V 
"by flame photometer method. 
(Yamuna khadir) 
Filter used 
Concentration of soil in extract 
Sodium 
0,1g per cc 
Depth in cm^  ' Photometer 
' reading 
» 1 
*Na cone, in ppm* 
»from standard * 
'curve * 
r " - -f 
Soluble Ha. i n 
meq.per 100g 
s o i l 
0 - 3 1 21.55 21.55 0.91 
31 - 59 48.78 48,78 2,06 
59 - 95 46.54 46.54 1,97 
95 - 122 45.00 45.00 1.90 
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TABLE XXIV 
Estimation of sola'ble sodiom in Aligarh soil profile YI 
"by flame photometer method. 
(Trans Yamuna khadir) 
Filter used 
Concentration of soil in extract 
Sodium 
0,1g per cc 
Depth in cm. ' Photometer 
reading 
r t 
'Ua cone, in ppm* 
from standard * 
curve * 
r f 
Soluble Na. i n 
meq«per lOOg 
s o i l 
0 - 3 3 23<.92 • 23.92 1.01 
33 - 59 32.34 32.34 • 1.37 
59 - 102 44.00 44.00 1.91 
102 - 147 34.10 34.10 1.44 
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lABLE XXV 
Estimation of soluble potassiuiii la Aligarfa soil profile I 
"by flame photometer method. 
(Ganga khadir) 
P i l t e r used = Potassium 
Concentration of s o i l in extract = 0.1g per cc 
Depth in cm I. ' Photometer ' 
' reading ' 
' K cone, -in ppm' 
' from standard * 
curve ' 
f 
Soluble K in 
meq.per lOOg 
s o i l 
0 - 2 8 64.00 31.00 0.79 
28 - 38 11.00 5.50 0.14 
38 - 43 12.00 6.00 0.15 
43 - 49 25.00 12.00 0.31 
49 - 92 4.50 2.50 0,06 
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TABLE XXVI 
Estimation of BoluMe potassium in Aligarti soil profile II 
"by flame photometer method. 
(Eastern uplands) 
Filter used 
Concentration of soil in extract 
Potassium 
0,1g per cc 
Depth in em. ' Photometer 
reading 
K cone.in ppm 
' from standard 
' curve 
t 
' Soluble K in 
' meq.per 100g 
• soil 
0 - 18 32.50 16.00 0.41 
18 - 46 21.00 10.50 ' 0.27 
46 - 58 17.50 8.50 0.22 
58 ~ 79 17.50 8.50 0.22 
79 - 97 18.00 9.00 0.23 
97 - 127 21.00 10.50 0.27 
127 - 168 15.00 7.50 0.19 
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TABLE XXVII 
Estimation of soluble potassium in AlJgarh s o i l p rof i l e I I I 
by flame photometer mettiod^ 
(Central lowlands) 
F i l t e r ased 
Concentration of soil in extract 
Potassium 
0,1g per cc 
Depth in cm. ' Photometer 
read ing ' 
1 
' K cone, in ppm' 
from standard ' 
c urve * 
1 
Soluble K in 
meq.per lOOg 
so i l 
0 - 3 1 19.50 9.50 0,24 
31 - 61 8.00 4.00 0.10 
61 - 80 2.50 1.50 0.04 
80 - 104 12.50 6.00 0.15 
104 - 136 14.00 7.00 0.18 
136 - 152 4.00 2.00 0.05 
152 - 183 2.00 1.00 0.03 
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TABLE XXVIII 
Estimation of soluble potassium in Allgarh soil profile IV 
by flame photometer method. 
(Western uplands) 
Filter used 
Concentration of soil in extract 
Potassium 
0.1g per cc 
Bepth in cm. Photometer 
reading 
K cone, in ppm' Soluble K in 
from standard • meq.per 100g 
curve so i l 
0 - 3 1 11.50 5.75 0.15 
31 - 64 25.00 12.00 0.31 
64 - 97 15.00 7.25 0.19 
97 - 149 21.00 10.50 0.27 
149 - 183 26.00 12.50 0.32 
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TABLB 3CXIX 
Estimation of solalile potassium in Aligarh so i l p rof i l e Y 
by flame photometer met hod* 
(Yamuna khadir) 
F i l t e r used = Potassium 
Concentration of s< 3il in extract 0.1g per cc 
Depth in cm. ' Photometer 
reading ' 
1 f 
K conc« in ppm' 
' from standard • 
' curve * 
1 
Soluble K in 
meq.per lOOg 
so i l 
0 - 3 1 66.00 32.00 0.82 
31 - 59 34.00 16.50 0.43 
59 - 95 33.00 16.00 0.41 
95 - 122 22.00 11.00 0.28 
99 
lABIiE XXX 
Estimation of soluTale potassium in Aligarh soil profile VI 
"by flame photometer method. 
(Trans Yamuna khadir) 
F i l t e r used = Potassium 
Concentration of s< 3il in extract = 0.1g per cc 
Depth in cm. ' Photometer 
reading ' 
1 
' K cone.in ppm ' 
* from standard ' 
curve ' 
r 1 
Soluble K in 
meq.per lOOg 
s o i l 
0 - 3 3 6.00 3.00 0.08 
33 - 59 2.00 1.00 0.03 
59 - 102 14.50 7.00 0.18 
102 - 147 2.00 1,00 0.03 
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TABLE XXXI 
Estimation of soluble oeilclum and magnesiugfl 
in Aligarti so i l p ro f i l e I by versene t i t r a t i o n 
(amrexide and eriochrome black I ) method. 
(Ganga khadir) 
Concentration of so i l in extract 
Volume of ext rac t solut ion 
Strength of E.D.T.A. 
0.5g/5 cc 
5 cc 
0.0103N 
Depth in cm. 
E.D.T.A. used in cc 
Ca 
, Soluble , Soluble 
-; i Ca in meq/*Mg, in 
, Ca + Mg (Difference{lOOg. ,meq/100g. 
,in vol. , 
,for Mg. , 
0 - 2 8 0.55 1.35 0.80 1.13 1.05 
28 - 38 0.75 0.95 0.20 1.55 0.41 
38 - 43 0.80 0.90 0.10 1.65 0.21 
43 - 49 0.80 1.00 0.20 1^65 0.41 
49 - 92 0.55 0.65 0.10 1.13 0.21 
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TABLE XXXII 
EstimatloJi of solgble calcluia and magaesium 
i a Aligarii s o i l p ro f i l e I I \>y versene t i t r a t i o n 
(murexide and eriochirome "black 0?) method. 
(Eastern aplands) 
Concentration of s o i l in extract 
Volume of extract solut ion 
Strength of B.D.T.A, 
0.5g/5 cc 
5 CO 
0.0103N 
Depth in cm. 
E.D.T.A. used in cc 
t f 
_'SoluT:>le 'Soluble 
, ,'for Mg. , , 
0 - 18 0.25 0.35 0,10 0.52 0.21 
18 - 46 0.20 0.30 0.10 0.41 0.21 
46 - 58 0.20 0.30 0.10 0.41 0.21 
58 - 79 0.35 0.35 0.00 0.72, Nil 
79 - 97 0.20 0.30 0.10 0.41 0.21 
97 - 127 0.25 0.50 0.25 0.52 0.52 
127 - 168 0.25 0.30 0.05 0.52 0.50 
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TABLE XXXIII 
Estimation of soluble calcium and magnesium 
in Allgarh s o i l p rof i le I I I bv versene t i t r a t i o n 
(murexide and erlochrome black Q?) method. 
(Central lowlands) 
Concentration of s o i l in extract 
Volume of extract solut ion 
Strength of B.D.T.A. 
0.5g/5 cc 
5 cc 
0.0103H 
Depth in cm. 
E.D.T.A. used in cc 
t I 
Ca , Ca + Mg .Difference 
, , in vol . 
, , for Mg. 
Soluble .Soluble 
Ca i n meq/iMg. in 
100g. ,meq/100g. 
0 - 3 1 0.00 0.25 0.25 M l 0.52 
31 - 61 0.10 0.35 0.25 0.21 0.52 
61 - 80 0,00 0.25 0.25 Nil 0.52 
SO - 104 . 0.00 0.15 0.15 Nil 0.31 
104 - 136 0.20 0.50 0.30 0.41 0.62 
136 - 152 0.40 0.70 0.30 0.82 0.62 
152 - 183 0,25 0.70 0.45 0.52 0.93 
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lABLB XXXIV 
Estimation of soluble calcium aM magnesliM 
in Aligarh so i l p ro f i l e IV by versene t i t r a t i o n 
(marexide and eriochrome black T) metbod. 
(Western uplands) 
Concentration of s o i l in ex t rac t 
Volume of extraet solut ion 
Strength, of E.D.T.A. 
0,5g/5 CO 
5 cc 
0.0103N 
Depth in cm. 
B.D.T.A. used in cc 
Ca , Oa + Mg .Difference 
, ,in vol. 
, ,for Mg. 
Soluble .Soluble 
Ca in meq/,Mg, in 
lOOg. ;meq/lOOg. 
0 - 3 1 0.55 0.75 0.20 1.13 0.41 
31 - 64 0.55 0.75 0.20 1.13 0.41 
64 - 97 0.45 0.70 0.25 0.93 0.52 
97 " 149 0.30 0.75 0.45 0.62 0.93 
149 - 183 0.15 0.55 0.40 0.31 0.82 
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TABLE XXXV 
Eetlmation of soluble calcium and magnesium 
in Aligarh s o i l p rof i l e V by versene t i t r a t i o n 
(marexide and erioctirome black T) method. 
(Yamuna khiadir) 
Concentration of s o i l in ext rac t 
Tolume of ext rac t solut ion 
Strength of B.D.T.A. 
0.5g/5 cc 
5 cc 
0.P103N 
Depth in cm. 
E.D.T.A. used in cc 
t t 
Ca , Ca + Mg .Difference 
, , i n vo l , 
, , for Mg, 
Soluble , Soluble 
Ca in meq/iMg, in 
100g. .meq/IOOg. 
0 - 3 1 0.25 0.35 0,10 0.52 . 0.21 
31 - 59 0.00 0.20 0.20 Nil ' 0.41 
59 - 95 0.00 0.15 0.15 Nil 0.31 
95 - 122 0.00 0.20 0.20 Nil 0.41 
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SABLE Xn.ll 
Estimation of soluble calcium and magnesium 
in Aligarh s o i l p ro f i l e YI by versene t i t r a t i o n 
(murexide and eriochrome black T) method. 
(Trans Yamuna khadir) 
Concentration of so i l in ex t rac t 
Volume of ext rac t solut ion 
Strength of E.D.T.A. 
0."5g/5 cc 
5 cc 
0.0105N 
Depth in cm. 
E.D.T.A, used in cc 
t I 
Ca , Ca + Mg .Difference 
, , i n vol . 
, , for Mg. 
Soluble .Soluble 
Ca in meg/tMg. in 
lOOg. ,meq/100g. 
0 - 3 3 0.10 0.35 0.25 0.21 0.52 
33 - 59 0.00 0.10 0.10 N i l 0.21 
59 - 102 0.40 0.55 0.15 0.31 0.66 
102 - 147 0.40 0.55 0.15 0.31 0.50 
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TABLE XXXVII 
Estimation of soluble carbonate a.nd bicarbonate anions 
in Aligarfa s o i l p ro f i l e I» 
(Ganga khadir) 
Concentration of so i l in the extract so lu t ion 
Volume of extract solut ion 
Strength of HgSO. 
2.0g/10 cc 
10 cc 
.05N 
Depth in cm, , 
Volume of HgSO. i n cc r Anions i n meq/l00g. 
00 - " 
t 1 
'HCO* + OOl" 
1 0 J 
1 
3 1 HCO^ 
0 - 2 8 0.00 0.35" Ni l 0.86 
28 - 38 0.00 0.15 Ni l 0.36 
38 - 43 0.00 0.20 Ni l 0 .50 
45 - 49 0.00 0.20 M l 0.50 
49 - 92 0.00 0.20 Ni l 0.50 
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TABLE XXXVIII 
Estiaatioja of soluble carbonate and bicarbonate anions 
in Aligarh s o i l p ro f i l e I I . 
(Eastern uplands) 
Concentration of s o i l in the ext rac t solut ion 
Volume of ex t rac t solution 
Strength of HgSO. 
2.0g/10 cc 
10 cc 
.05K 
Depth in cm. , 
Volume of HgSO. in cc ' Anions in meq./lOOg. 
1 t 
00~~ »HCO^  + C0~ • 
1 
C0~ • HOO" 5 t 5 
0 - 18 0.00 0.20 Nil 0.50 
18 - 46 0.00 0.20 Nil 0.50 
46 - 58 0.00 0.20 Nil 0.50 
58 - 79 0.00 0.15 Nil 0.58 
79 - 97 0.00 0.15 Nil 0.58 
97 - 127 0.00 0.15 M l 0.38 
127 - 168 0.00 0.20 Nil 0,50 
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0?ABLE XXXIX 
Estimation of soluble carbonate and bicarbonate anions 
in Aligarhi so i l p ro f i l e III« 
(Central lowlands) 
Concentration of s o i l in the extract so la t ion 
Volume of ext rac t so lu t ion 
Strength of HgSO. 
2,0g/10 cc 
10 cc 
.05N 
' Volume of H2SO. in cc ' Anions i n meq/100g. 
iJepiiu xix uin# 
co~-
t 1 
'HCOl + c o l " ' 
t 3 3 1 co~" 
1 
1 
1 
HCO^ 
0 - 31 0.15 1.28 0 .75 2.44 
31 - 61 0.30 1.45 1.50 2.31 
61 - 80 0.20 1.25 1.00 2.13 
80 - 104 0.10 0.80 0.50 1.30 
104 - 136 0.00 0.20 Ni l 0.50 
136 - 152 0.00 0.20 M l 0.50 
152 - 183 0.00 0.20 Ni l 0.50 
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TABLE XL 
Estimation of soluTale carbonate and bicarbonate anions 
in Aligarh s o i l p ro f i l e IV, 
(Western uplands) 
Concentration of so i l in the ex t rac t so lu t ion 
Volume of ex t rac t solution 
Strength of H2SO. 
2,0g/l0 cc 
10 cc 
.05N 
Depth in cm. 
t 
' Volume of H2SO. in cc 
1 
GO; 'HCO, + CO-
Anions in meq./100g. 
co: Hco: 
0 - 3 1 0.10 0.40 0.50 0.50 
31 - 69 0.05 0.35 0.25 0.63 
69 - 97 0.17 0.50 0.88 0.44 
97 - 149 0.10 0.30 0.50 • 0.25 
149 - 183 Nil 0.20 Kil 0.50 
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TABLE XLI 
Estimation of soluble carl)onate and bicarbonate anions 
in Aligarfa s o i l p ro f i l e Y» 
(Yamuna khadir) 
Concentration of s o i l in the ex t rac t solut ion 
Volume of ext rac t solut ion 
Strength of HgSO. 
2.0g/lO cc 
10 cc 
• 0511 
Depth in cm. 
0 - 5 1 0.10 0,53 0.50 0,91 
31 - 59 0.00 0.83 Ni l 2.16 
59 - 95 0.25 1.31 1.25 2.03 
95 - 122 0.15 1.05 0.75 1.83 
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TABLE XLII 
Estimation of solilble carbonate and Tpicarbojnate anions 
in Aligarh s o i l profile"VI. 
(Trans Yamuna khadir) 
Concentration of s o i l in the extract so lu t ion 
Volume of extract solut ion 
Strength of HgSO. 
2 .0g/ l0 cc 
10 cc 
.051? 
Depth in cm. 
Volume of HgSO. in cc ' Anions in meq/100g. 
t 1 t 
OOZ" 'HCO~ + C0~~ » 
5 1 5 5 f 
t 
co^~ ' Hco*: 
5 1 5 
0 - 3 5 0.00 0.35 Hil 0.88 
33 - 59 0.00 0.28 Nil 0.69 
59 - 102 0.00 0.23 Nil 0.66 
102 - 147 0.00 0.20 Nil 0.50 
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TABLE XIiIII 
Estimation of chlor ide Ion In Aligarh. s o i l p ro f i l e I« 
(Ganga khadir) 
Concentration of so i l in the extract = 2g/lO cc 
Volume of extract solut ion = 5.0 cc 
Strength of AgNO^  = 0.0142F 
Depth in cm. 'Volume of AgNO^ in cc* Gone,of chlor ide in 
• ^ • meq/lOOg. 
« t 
0 - 2 8 0.50 0.71 
28 - 38 0.40 0.57 
38 - 43 0.45 0.64 
43 - 49 0.45 0.64 
4 9 - 9 2 - 0.55 6.68 
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TABLE XLIV 
Estimation of chloride ion In Aligarh. soil profile II. 
(Eastern uplands) 
Concentration of soil in the extract 
Vol tune of extract eolation 
Strength of AglO_ 
2g/10 cc 
l^«0 cc 
0*0142H 
Depth in cm. 'Volume of AglTO^ in cc ' Cone.of chloride in 
• ^ • meq/IOOg. 
0 - 18 
18 - 46 
46 - 58 
58 - 79 
79 - 97 
97 - 127 
127 - 168 
0,65 
0.'45 
0.38 
0.45 
0.39 
0.50 
0.37 
0.92 
0.64 
0.54 
0.64 
0.65 
0.71 
0.53 
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TABLE XLV 
Estimation of chloride ion in Aligarh soil profile III. 
(Central lowlands) 
Concentration of soil in the extract 
Volume of extract solution 
Strength of AglTOj 
2g/lO cc 
5.0 cc 
0.0142U 
Depth in cm« 'Volume of AgNO- in cc ' Cone.of c 
• ^ • meq/lOOg, 
hloride in 
0 - 31 
51 - 61 
61 - 80 
80 - 104 
104 - 136 
136 - 152 
152 - 183 
0.42 
1.20 
t 
1.35 
1.68 
0.65 
0.45 
0.33 
0.60 
1.71 
1.92 
2.39 
0.92 
0.64 
0.46 
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TABLE XLVI 
Estimation of ohloride ion in Aligarti s o i l p ro f i l e IV» 
(Western uplands) 
Concentration of so i l in the extract = 2g/10 cc 
Volume of extract solut ion = 5.0 cc 
Strength of AgNO^  = 0.0142Er 
Depth in cm, 'Volume of AgNO, in cc ' Cone.of c 
' -^  ' meq/lOOg. 
t I 
0 - 3 1 0.25 0,55 
31 - 64 0.25 0.35 
64 - 97 0.25 0.35 
97 - 149 0.23 0.32 
149 - 183 0.30 0.43 
hloride in 
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TABLE XLVII 
Estimation of chloride ion in Allgaxb. soil profile V. 
(Yamana khadir) 
Concentration of soil in the extract 
Volume of extract eolation 
Strength of AgNO^ 
2g/10 cc 
5.0 cc 
0.0142N 
Depth in cm. 'Volume of AgNO, in cc* Cone.of chloride in 
• -^  • meq/IOOg. 
0 ~ 31 
31 - 59 
59 - 95 
95 - 122 
0.30 
0,20 
0.20 
0.20 
0.43 
0.29 
0.29 
0.29 
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TABLE XLVIII 
Estimation of chloride ion in Aligarh soil profile VI. 
(Trans Yamuna khadir) 
Concentration of soil in tbe extract 
Volume of extract solution 
Strength of AgUO-
2g/10 cc 
5.0 cc 
0.01421 
Depth in cm. 'Volume of AgNO., in cc* Cone.of chloride in 
' •* ' meq/lOOg. 
0 - 33 
33 - 59 
59 " 102 
102 - 147 
0.50 
0.48 
0o78 
0.40 
0«71 
0.68 
nil 
0.57 
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£4BIiE XLIX 
Esti-Biation of exchangeable Bodiom in Aligarfa s o i l p ro f i l e I> 
(Ganga khadir) 
F i l t e r used 
Concentration of soil in extract 
Sodium 
0.1g per CO 
Depth in cm. " Photometer 
' reading 
' Na cone, in 
'from standard 
' curve 
t 
ppm 
1 
t 
1 
Exchangeable. 
Na in meq./ 
lOOg. 
0 - 2 8 34.40 34.40 1.50 
28 - 38 11.80 11.80 0.50 
38 - 43 8.26 8.26 0.55 
43 - 49 8.26 8.26 0.35 
49 - 92 11.80 11.80 0.50 
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lABLE I 
Estimation of exchangeaTale sodium in Aligarh soil profile II. 
(Eastern uplands) 
Filter used 
Concentration of s o i l in ex t rac t 
Sodium 
0.1g per cc 
Depth in cm. Photometer 
reading 
'Na cone, in ppm 
'from standard 
'curve 
' Exchangeable Na 
' in meq/IOOg. 
0 - 18 11.80 11.80 0.50 
18 - 46 8.49 8.49 0.36 
46 - 58 8.49 8.49 0.36 
58 - 79 11.80 11.80 0.50 
79 - 97 5.90 5.90 0.25 
97 - 127 8.49 8.49 0.36 
127 - 168 5.90 5.90 0.25 
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TABLE LI 
Es t ima t lon of exchangea"ble sodium in Al i^arh soj.1 p r o f i l e I I I . 
(Central lowlands) 
Filter used Sodium 
Depth, in cm. Gone, of 
soil in g/ 
per oc 
Photometer 
reading 
Wa cone, in 'Exchangeable 
ppra from 'Wa in meq/ 
s tandard 'lOOg. 
c urve ' 
0 31 
31 - 61 
61 - 80 
104 - 136 
136 - 152 
152 - 183 
0.050 
0.025 
0.020 
80 - 104 0.025 
0.100 
0.100 
0.100 
94.40 94.40 8.00 
85.50 85.50 14.50 
79.00 79.00 17.70 
83.50 83.50 13.50 
49.00 49.00 2.50 
34.40 34.40 1.50 
11.80 11.80 0.50 
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TABLE I/II 
Estimation of exchangeable sodium in Aligarh s o i l p ro f i l e lY. 
(Western uplands) 
F i l t e r used 
Concentration of s o i l in ex t rac t 
Sodium 
0,1g per cc 
Depth, in cm. Photometer 
reading 
Na cone, i n ppm 
from standard 
curve 
Exchangeable Na 
in meq/100g» 
0 - 3 1 11.80 11.80 0.50 
31 - 64 , 8.49 8.49 0.36 
64 - 97 8.49 8.49 0.36 
97 - 149 11.80 11.80 0.50 
149 - 183 11.80 11.80 0.50 
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TABLE LIII 
Estimation of exchangeable sodium in Aligarh s o i l p rof i le V. 
(Yamuna khadir) 
F i l t e r used 
Concentration of soil in extract 
Sodium 
0.1g per cc 
Depth in cm. 
f 
' Photometer ' 
' readitfig 
1 
1 
'ISfa cone, in ppm 
from standard 
'curve 
Exchangeable Na 
in meq/100g. 
0 - 51 23.60 23.60 1.00 
31 - 59 82.60 82.60 5.50 
59 - 95 94.40 94.40 4.00 
95 - 122 88.50 88.50 5.75 
• 
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TABLE LIV 
Estimation of exchangeable sodium in Aligarti so i l p ro f i l e VI. 
(Trans Yamiwia Khadir) 
F i l t e r used 
Concentration of soil in extract 
Sodium 
0.1g per cc 
Depth in cm. ' Photometer 
reading 
'Ua cone,in ppm ' 
'from standard 
curve ' 
'Exchangeable Na 
in mea/IOOg. 
0 - 3 3 23.60 23.60 1.00 
33 - 59 29.50 29.50 1.25 
59 - 102 34.40 34.40 1.50 
102 - 147 29.50 29.50 1.25 
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TABLE LV 
Estimation of exchangeable potassium in Aligarh soil profile I, 
(Ganga khadir) 
Pilter used 
Concentration of soil in extract 
Potassium 
0,1g per cc 
Depth in em. Photometer 
reading 
1 
'Z c o n e . i n ppm 
'from s tandard ' 
' c urve 
Exchangeable K 
i n meq/IOOg. 
0 - 2 8 63.00 30.00 0.77 
28 - 38 
1 
40.00 10.50 0.27 
38 - 43 40.00 10.50 0.27 
43 - 49 23.00 11.00 0.28 
49 - 92 6.00 3.50 0.09 
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TABLE LVI 
Estimation of exchangeable potassium in Aligarh soil profile II. 
(Eastern uplands) 
Filter used 
Concentration of soil in extract 
Potassium 
0,1g per cc 
Depth i n cm. Photometer 
' r ead ing 
t 
*K cone, i n ppm ' 
' from s tandard 
'curare 
'Exchangeable K 
i n meq/IOOg. 
0 - 18 74.00 35.00 0.89 
18 - 46 48.00 23.00 0.58 
46 - 58 46.00 22.00 0.56 
58 - 79 47.00 22.50 0.58 
79 - 97 39.00 19.00 0.49 
97 - 127 71.00 33.50 0.86 
127 - 168 26.00 13.00 0.33 
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TABLE LVII 
Estimation of exchangeable potassium in Aligarh soil profile III. 
(Central lowlands) 
Filter used 
Concentration of soil in extract 
Potassium 
0,1g per cc 
Depth in cm. ' Photometer 
r ead ing 
t 
'K cone, i n ppm 
'from s tandard 
' cu rve 
'Exchangeable K 
' i n meq/IOOg. 
0 - 31 27.00 13.25 0.34 
31 - 61 30.00 14.50 0.37 
61 - 80 21.50 10.50 0.27 
80 - 104 10.00 5.25 0.19 
104 - 136 22.50 11.25 0.29 
136 - 152 18.50 9.25 0.24 
152 - 183 9.00 5.00 0 .13 
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TABLE LVIII 
Estimation of exchangeable potassium in Aligarh soil profile IV. 
(Western uplands) 
Filter used 
Concentration of soil in extract 
Potassium 
0,1g per CO 
Depth in cm. ' Photometer 
• reading 
'K cone, in ppm 
'from standard 
'curve 
Exchangeable K 
in meq.7l00g. 
0 - 3 1 41.00 20.00 0.51 
31 - 64 46.00 22.00 0.56 
64 - 97 50.00 24.00 0.61 
97 - 149 62.50 30.00 0.77 
149 - 183 66.00 31.00 0.79 
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TABIE LIX. 
Estimation of exchangeable potassium in Aligarh soil profile V. 
(Yamuna khadir) 
Filter used 
Concentration of soil in extract 
Potassium 
0.1g per cc 
Depth in om= Photometer 
read ing 
'K cone, in ppm 
'from standard 
curve 
Exchangeable K 
i n meq./100g. 
0 - 3 1 95.00 45.00 1.15 
31 - 59 91.00 43.00 1.10 
59 - 95 84.00 39.00 1.01 
95 - 122 70.00 33.00 0.84 
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TABLE IX 
Estimation of exchangeable potassium in i l l igarh s o i l •profile' VI. 
(Trans Yamuna ktiadir) 
F i l t e r used 
Concentration' of soil in extract 
Potassium 
0,1g per cc 
Depth in cm. Photometer 'K cone, in ppm 
reading 'from standa3?d 
curve 
Exchangeable K 
in meq/100g. 
0 - 3 3 24.00 12.00 0.30 
33 - 59 18.50 9.50 0.24 
59 - 102 10.50 5.50 0.14 
102 - 147 6.00 3.50 0.09 
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H E S U L T S A N D D I S C U S S I O N 
An examination of the mechanical analysis data vide 
t ab les VII to XII shows tha t s o i l s of the various p ro f i l e s are 
more or l e s s uniform in t ex tu re . The t ex ture i s l i g h t and e i t he r 
loam or s^ilty loam except the bottom layer of p rof i l e I which i s 
purely sand. S imi l a r i t i e s of topography, climate and na tu ra l 
vegetat ion seem to be responsible for t h i s behaviour. The 
percentage increase of clay with depth in general , shows a down-
ward trend in p rof i l e s I and VI with corresponding increase of 
e i t h e r sand or s i l t while the reverse appears to be the case with 
p rof i l e I I . No de f in i t e order of d i s t r i b u t i o n of clay content 
with depth was observed in r e s t of the p r o f i l e s . The decreasing 
clay content of p rof i l e I with depth appears t o be due to 
deposit ional var ia t ions caused by the river Ganga and tha t of 
p ro f i l e VI by the r i v e r Yamuna. Higher percentages of clay in 
t h e intermediate layers of some p ro f i l e s appear t o be due to 
leaching of the clay where i t has got accumulated. 
An examination of the sand and s i l t f rac t ions revealed 
the existence of quar tz , l ab rador i t e , c a l c i t e , mica, b i o t i t e and 
some dark brown p a r t i c l e s of ferruginous aad manganiferous mater ia l 
157 
brought down by the rivers. Bigger concretions are seen in 
soil profile III "betv/een 60 to 150 cms below the surface. The 
coarse material consists of lime concretions and pea sized iron 
manganese nodules. The lime concretions have formed a hard pan 
as a result of upward capillary rise of soluble sodium carbonate 
leaving the insoluble calcium carbonate in the lower layers. 
The pans have reduced the permeability of profile III soils as 
a result of which alkaline and saline salts have accumulated in 
the upper horizons causing efflorescence. These saline and 
alkaline conditions have rendered the soils of profiles I, III 
and 7 barren and non-productive. 
The physico-chemical characteristics of the different 
profiles are summarised in tables IXVII to IXXII. All the soils 
of profile III have a pH value higher than 7 in 1:5 soil extracts 
except the bottom layers. Incidently intensely alkaline soils 
overlie the almost neutral soils of this profile. Also in this 
profile the pH decreases with depth while in profiles IV, V and 
VI it generally increases with depth. In all profiles the pH 
are generally higher than 7 pointing to saline alkaline conditions, 
The equivalent conductivity of 1:5 soil water extract 
varies from 0,313 to 1.719 mmhos per cm. On an average it 
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decreases with depth, in case of soil profiles III and I while 
reverse is the case in profile V. In other profiles there is 
no definite order and it remains mostly uniform. Water soluble 
salts are highest in soils of profile III, indicating poor 
drainage of the profile and lowest in soils of profile II indica-
ting extensive leaching of salts, the order of solubles being III> 
V > I > YI > IV > II. The solubles often cause efflorescence which 
can be seen in vast stretches of the lands after the rains are 
over in soil profiles I, III and V. Bicarbonate is indicated 
in all profiles, being comparatively high in the upper layers of 
profiles III and V. Soluble carbonate is also present in some 
layers of profile III, 17 and V. Sodium and potassium are in 
higher amounts than the divalents in the soluble salts of profile 
III and 7 while the reverse is the case with profiles II and 17. 
The divalents are in higher proportions than monovalents 
in profile I and they appear to be present as bicarbonates. In 
profile 71 the monovalents appear to be present mainly as chlorides. 
The order of pH agrees with that of the carbonate and bicarbonate 
and with that of sodium and potassium in 1:5 soil water extracts. 
A high sodium absorption ratio is indicated in profiles III, 7 and 
71 while it is low in those of I, II and 17. The percentage of 
CaCO, is higher in soils of profile III, I and 7 as compared to 
those of II, 17 and 71. 
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Of the exchangeable cations sodium occurs to the extent 
of 84.24^ in the upper layers which sharply falls to about 6.11$^  
in the bottom layer of profile III. High values of sodium 
saturation are also found in soils of profile V and to a smaller 
extent in the upper layers of profile I. In association with 
soluble sodium these have resulted in the development of alkaline 
conditions in soil profile I, III and V. Segregation of calcium 
carbonate in form of hard nodules seems to be the factor respon-
sible for disturbing the SAR of these results. The high sodium 
saturation resulting in the deflocculation of the soils and "Usar" 
conditions have rendered the soils difficult for normal agricultural 
use. 
On the basis of pH, exchangeable sodium and equivalent 
conductivity, soils of profile % (Upper layer), III (all layers 
except the two bottom layers) and V (all layers except the upper-
most) can be classed as alkaline or solonetz. On the other hand 
all the soils of profile VI and all of profile I except the top 
layer can be classed as saline or solonchaks. Among saline, 
salts, soils of profile I have a large proportion of calcium and 
magnesium chlorides while those of profile VI have a large 
proportion of chlorides of sodium and potassium. A reference to 
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TABLE LXXIII 
Summary of results of exctiangeable cations inoluding SAR 
and percentage of CaCO, in Aligarh. soil profile I. 
(Ganga khadir) 
Depth in cm. Percentage 
of OaOO^  
0 - 28 1.50 0.77 5.88 1.42 9.50 10.75 
28 - 38 0.50 0.27 2.47 0.41 3.65 10.13 
38 - 43 0.35 0.27 3.41 0.41 4.50 10.88 
43 - 49 0.35 0.28 5.05 0.62 7.30 9.64 
49 - 92 0.50 0.09 111 Ni l 0.70 0.50 
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TABLE LXXIV 
Summary of results of exchangeable cations including SAR 
and percentage of CaCO, in Aligarh. soil profile II. 
(Eastern uplands) 
Depth ii: 1 cm. ' Exchangeable c a t i o n s in raeq/lOOg • BEG 'Percen tage 
Na"*" 
t 
t 
1 
K+ 
t 
f 
1 
Oa 
1 
' Mg'*'+ 
t 
' o f OaCOj 
0 - 18 0.50 0.89 5.77 1.44 10.00 5.14 
18 - 46 0.56 0.58 4.41 1.62 6.25 5.76 
46 - 58 0.56 0.56 5.05 1.62 6.75 4.95 
58 - 79 0.50 0.58 4.74 1.05 6.89 4.50 
79 - 97 0.25 0.49 5.56 0.10 6.75 4.15 
97 - 127 0.56 0.86 8.76 1.75 12.55 4.01 
127 - 168 0.25 0.55 8.87 1.92 12.00 5.88 
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TABLE LXXV 
Summary of results of exchangealale cations including SAR 
and percentage of CaCO, in Aligarh soil profile III, 
(Central lowlands) 
Depth 
1 
in cm., 
Exchangeable c a t i o n s i n meq/IOOg 
•, BEG ,Percen tage 
,of CaCO-
0 Ua"^  
1 
t 
1 
t 
Ca"*^  
f 
' . Mg"^ 
t 
0 
- 31 8.00 0.34 5.77- 0.52 16.35 8.16 
31 - 61 14.50 0.37 2.58 0 .10 17.45 10.43 
61 - 80 17.00 0.27 5.06 0.41 22.95 45.64 
80 
- 104 13.50 0.19 4.76 0.41 18.80 . 51 .13 
104 - 136 2.50 0.29 6.79 3.09 12.70 53.76 
136 - 152 1.50 0.24 6.39 3.30 11.55 15.25 
152 
- 183 0.50 0.13 5.77 1.75 8.18 14.63 
149 
TABLE LXXVI 
Summary of results of exchangeable cations including SIR 
and percentage of CaCO- in Aligarh soil profile IV. 
(Western uplands) 
Depth 
1 
\ 
in cm. ,'-
1 
! 
1 
Exchangeable cations in meq/IOOg 
I BEG {Percentage 
,of GaCO-
3 Ha"^  
1 
1 
1 
K+ 
• 
1 Ca^ -^  
1 
' Mg"^^ 
0 
- 31 0.50 0.51 7.21 1.34 9.65 8.01 
31 - 64 0.50 0.56 5.78 1.44 9.90 6.00 
64 - 97 0.36 0.61 6.18 1.95 9.45 4.88 
97 - 149 0.50 0.77 6.59 1.85 9.93 4.50 
149 - 183 0.50 0.79 4.53 2.27 8.03 4.38 
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TABLE LXXVII 
Sufflmaiy of r e s u l t s of exchange aisle cat ions liiclading: SAR 
and percentage of CaOO- in Aligarh so i l p ro f i l e V. 
(Yamuna khadir) 
1 t 
Depth in cm. Exchangeable c a t i o n s in meq/100g ' BEG 
t 
' Pe rcen tage 
Ua"*" 
t 
t 
I 
K+ 1 
1 
Ga-^ + 
t 
•of CaCO, 1 5 
t 
0 
- 31 1.00 1.15 5.66 0.21 8,01 9.00 
31 - 59 3.50 1.10 5.87 Ni l 9 .83 •10.01 
59 - 95 4.00 1.01 5.77 0.31 11.12 10.26 
95 - 122 3.75 0.84 6.39 0.52 11.98 9.25 
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TABLE LXXVIII 
Summary of results of exch.ao.gea'ble cations including SAE 
and percentage of OaCO in Aligarh soil profileVl. 
(Trans Yamuna khadir) 
I t I 
t 
' Exchangeable c a t i o n s i n meq/100 g ' 
Depth in cm,, ; ; ; , BEG .Percentage 
.. Na^ . K+ , Ca-^ . Mg++ , , ° ^ ^^ aCO^ 
0 - 3 3 1.00 0,30 7.31 0.72 9.55 6.65 
33 - 59 1.25 0.24 9.93 1.13 12 .70 3.88 
59 - 102 1.50 0.14 10.09 0.62 12.25 20.05 
102 - 147 1.25 0.09 11.20 0 .10 12.64 25.93 
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tables LXVII to LXXII further reveals, that of the divalents, 
calcium saturation is satisfactory except in the upper layers of 
profile III. According to RATNER percentages of calclcun less than 
50^ of the exchange complex require calcium amendment in soils. 
Since application of lime may result in further increase of pH, 
the use of gypsum as an. ameriolative will be more useful in the 
soils of this profile. 
The base exchange capacity values for soils in the different 
profiles are mostly of the lower order (Tables LXXIII to IXXVIII). 
This is indicative of the fact that soils of this area have a low 
capacity to store and yield the nutrients needed by plants. 
CLASSIFICATION OF ALIGARH SOIL PROFILES 
A number of methods have been proposed for the classification 
of soils. The Aligarh soil profiles have not developed any definite 
horizons and hence they can be put under the order azonal, sub-order 
arid and great group alluvium. This classification, however, does 
not meet the requirements of the modern agriculturist. A more 
comprehensive classification of the Aligarh soil profiles based on 
the U.S.D.A. system of classification"^5 and on some physico-chemical 
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characteris t ics of the soils has been proposed vide table LXXIX. 
I t ca n be more elaborately described as under: 
On the basis of the character is t ics of the soils of profile I , 
these soils may be classified into the order a r id iso l , sub-order, 
orthid, great group eutre-orthid, sub-group calc^eutreorthid, family 
caleutreorthid "Loose", series Ganga khadir, Type I . 
The morphological and physico-chemical properties of soi ls 
of profile I I point to classif icat ion of these soils into order 
entisol, sub-order orthent, great group dysterorthent, sub-group 
orthic 'dyster-orthant, family orthic-dyster-orthant 'compact' 
series eastern uplands, Type I I . 
The properties of soils of profile I I I suggest a c lass i f ica-
tion of the soi ls into the order a r id iso l , sub-order orthid, great 
group eutre-orthid, sub-group orthic-eutre-orthid, family orthic— 
eutre-orthid "Hard", series central lowlands, Type I I I . 
The characterist ics of soi l of profile IV permit a c l a s s i f i -
cation of the soi ls into the order ent isol , sub-order orthent, great 
group dyster-orthent, sub-group orthic-dyster-orthent, family or thic-
dyster-orthent "Loose", series western uplands Type IV. 
On the basis of the properties of soi ls of profile V, the 
155 
TABLE IXXX 
Olasslfloation of Allgarh soil profiles 
according to the Indian system. 
1 1 t 1 
Profile ' 
Ho. ' 
1 
Pamily ' Series 
f 
t 
' Type ' 
1 t 
1 t 
Phase 
I Alkaline Calcareous I Khadir 
II Saline Oalcareous II Uplands 
III Alkaline Sodic III Lowlands 
17 Saline - Calcareoas IV Uplands 
V Alkaline Calcareous V Khadir 
VI Saline Calcareous VI Khadir 
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s o i l s may Tae c l a s s i f i ed into the order a r i d i s o l , sab-order aqaid, 
great group eutre-aquid, sub-group or t t i ic-eutre-aquid, family or t t i ic -
eutre-aquid "Hard", s e r i e s Yamuna khadir , Type V. 
Ilie physico-chiemical proper t ies of s o i l s from pro f i l e VI, 
point to c l a s s i f i ca t i on of these s o i l s in to the order a r i d i s o l , 
sub-order aquid, great group eutre-aquid, sub-group ca lc-eut re-aquid , 
family calc-eutre-aquid "Hard", s e r i e s Trans Yamuna khadir , Type VI. 
Adopting the Indian system of c l a s s i f i c a t i o n , a l l the 
Aligarh s o i l s f a l l in to the order azonal, sub-order halmorphic and 
great group a l l u v i a l . However, differences have been noted beyond 
the great group and fur ther d iv is ion beyond the great group i s 
recorded in table LXXX, This c l a s s i f i c a t i o n i s , however, pre l imi-
nary and needs more elaborat ion. 
ENGIMERIHG CLASSI^ -IGATIOl OF ALIGABH SOIL PROFILES 
•min i '" • I II • • • " • • I HI » — I II r^»^»IMII«»MMWllMIWMM«WMIMW«^M>^-MW>«MI»MWM»WI————W••imilUBW^——• 111 I l l l l — — ^ M — 
Soils have also been classified by engineers in many ways 
to suit the requirements of their particular use. 
Textural classification takes into account the gradation 
or distribution of particles of different sizes making up the soil. 
The best known of these textural classification is the triangular 
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21 
classification of the U.S. Bureau of Soils. The classification 
is based upon the percentage limit and designation of soil types. 
This classification, however, utilises the word "Loam". Variation 
of the triangular classification, made by the Lower Mississippi 
Division of the U.S. Engineer Department does not use the agricul-
tural term "Loam". Instead the terms aand, silty sand, clay sand, 
clay silt, sandy silt, silty clay and clay are us^ ed for the soils. 
The classification of Aligarh soil profiles based upon this system 
has been reported in table LXXXI. 
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OHAPTER III 
CLAY MIIEROLOGICAL IMESTIGkHlOm ON ALIGARH 
SOIL PROPILBS ~ ELBMEMTAL OHAMICAL ANALYSIS. 
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INTRODUCTION 
Among the most important constituents of soils are the 
clays. Clay is the colloidal fraction of soil and hence the 
seat of^  all important chemical reactions. It plays an important 
role in understanding the physico-chemical behaviour of soils. 
Clays are crystalline in nature ajid composed of silicates 
of aluminium, iron, sodium, potassium, calcium and magnesium. 
Generally three important groups of minerals are present in clays 
viz; kaolinite, montmorillonite and illite, although there are 
a few others. 
During the last few decades extensive studies have been 
carried out on the physico-chemical properties of soils and their 
clay fractions. The field has been important not only theoretically 
but from the point of view of agricultural and engineering practice 
as well. Soil fertility and the effective use of commercial 
fertilisers, the field of soil mechanics and soil stabilisation 
strongly depend upon the quality and quantity of clay minerals 
present in the soils. For the characterisation of soil clay 
particles several methods have been reported but the conclusions 
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drawn on the basis of any single measurement have not yielded 
satisfactory results. In such studies, therefore, a judicious 
comMnation of chemical, X-ray, I.R, D.T.A. and electrometrio 
methods has to he undertaken. Out of these methods, whole 
elemental analysis is one of the earliest classical methods for 
the characterisation of the clay minerals present in the soil. 
The utilisation of this technique for clay identification is the 
main aim of this chapter. 
Elemental analysis of soils and rocks is the determination 
of the total amount of the elements present in a mineral sample. 
Historically, this analysis was developed for the study of rocks 
and minerals but later on, it was used to egaluate soil fertility 
and to give information aboat weathering and the soil forming 
processes. It gives an insight into the nature of the mineral or 
the minerals present in the clay fraction and is a valuable guide 
in the study of crystal chemistry of the minerals, in the inter-
•1 
pretation of the chemical processes of soil development and as a 
background to soil fertility interpretations. 
Systems of elemental analysis have been divided into four 
categories: (I) micro and semi-micro absorption spectrophotometric 
(II) emission spectrophotometric (III) semi-micro titrimetric, and 
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(IV) classical or conventional methods. The above methods have 
been fully exploited in the estimation of clay mineral analysis 
reported in the present work. 
Silica is present in all clay minerals. Different classes 
2 
of silicates have been proposed by Strunta which depend upon the 
2- 5 
different arrangements in space of SiOg tetrahedra. Birch found 
that a function of the ratio of water soluble silica to clay was 
very significantly related to silica-sesquioxide ratio and inversely 
related to the kaolin content of the clay. In soils, it appears 
that the highest quantity of silica is associated with montmori-
llonite and the lowest with kaolinite. 
Aluminium is the next abundant element in clay minerals. 
Norrish and Taylor^ extracted almost pure geothites from kaolinitic 
clays and found them to contain 15 to 30^ aluminium. 
In the clay fraction, iron, when it occurs, is usually in 
the foim of oxides and insoluble salts. Potassium and magnesium 
are other guiding elements in the characterisation of cley minerals. 
It has been customary to express the composition of the 
clay by molecular ratios such as Si02/R203» Si02/Al203» 8102/^620,, 
and Al20,/Pe20,. The information given by these ratios is an 
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important source in the study of the nature of clay minerals. 
KpO is also an important guide in the quantitative evaluation of 
illite in clays. According to the Committee on clay mineral 
analysis appointed by the Soil Science Society of America, clays 
with 10?^  KgO should contain 37 to 58^ illite; those with 6fo KgO 
from 60 to 90?* illite. MgO is also an important guide in the 
quantitative evaluation of illite. 
» E X P E R I M E N T A L 
The clays for elemental analysis were extracted from the 
s o i l s as per In te rna t iona l p ipe t t e method in which the organic 
matter was oxidised with HpOp, the clay dispersed with NaCl, freed 
from chloride ions and then separated by sedimentation and decan-
t a t i o n . 
5 
The elemental analysis of clays involved the determination 
of s i l i con , aluminium, i ron, calcium, magnesium, sodium and potassium 
To estimate these elements, the clay was subjected to fusion e i t he r 
by sodium carbonate method or the acid process. 
For the estimation of s i l i con , aluminium, i ron, calcium and 
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magnesium, a 0.10g of the f inely ground sample of tiie clay was 
fused with. 1.00g of pure sodium carbonate in a 35 ml platinum 
crucible t i l l the mixture was l i q u i f i e d . The cooled mixture in 
the crucible was t reated with 8 ml cone, per-chlor ic acid (Merck's 
pure grade ^Oio) and boiled careful ly on. a sand bath for 10 minutes, 
di luted and transferred to a 100 ml volumetric f lask. The suspension 
was then centrifuged at 2,500 rpm for a few minutes. The residue in 
the tubes was used for s i l i con estimation and the solut ion u t i r i sed 
for determination of aluminium, i ron, calcium and magnesium. This 
solut ion we wi l l ca l l as so lu t ion 'A ' . 
for the determination of s i l i c o n the residue from the 
centrifuge was t ransferred to a n ickel beaker and t rea ted with 
2.5g of pure sodium hydroxide p e l l e t s and the volume adjusted 
to 60 ml wifch d i s t i l l e d water. The mixture was boiled, cooled 
and made to 500 ml. 5 ml of t h i s solut ion was then mixed with 
10 ml ol ammonium molybdate reagent along with 5 ml ( l J l ) 
hjT-drochloric acid and the mixture d i lu ted to 50 ml. The colour 
absorbance of t h i s solution was determined on Bausch and Lomb 
spectronic '20 ' at a wave length 430 mu. A standard curve was 
e a r l i e r prepared with s i l i con standards in the concentration range 
of 0 to 500 ppm as given in f igure 5, curve 1, using pure quartz 
c ry s t a l s for preparing standards. Prom the absorbance, the percen-
tage of SiOp in the clay sample was calculated. The r e s u l t s are 
reported in tables LXXXII to LXXXVII. 
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Por the determination of other elements 75 cc of solution 
'A' was treated with few drops of bromcresol blue, heated to 
boiling on a water bath and mixed with ammonium hydroxide till the 
indicator turned from yellow to blue. It was then treated with, 
bromine water, coiled and the volume made up to 100 cc. The iron 
and aluminium precipitated were centrifuged. (The clear centrifuged 
liquid hereinafter called solution 'B' was used for Ca and Mg 
determination). The residue in the tube was dissolved in 3 cc of 
6W hydrochloric acid. A known volume of this solution was waimed 
with sodium hydroxide solution, cooled and diluted to 50 cc and 
centrifuged. This gave a precipitate of iron ajid a clear solution 
of- aluminium. 
For the determination of the aluminium the centrifuged 
liquid after removal of iron was diluted to a knovm concentration. 
5 cc of this solution was then treated with 10 ml of buffer (pH 4.2) 
7 
plus 10 ml of aluminium reagent solution, and then diluted to 
50 ml. The absorbance of this solution was then recorded on 
spectronic 20 at a wave length of 520 mu. The concentration of 
aluminium in the clay sample v/as obtained from the standard curve. 
The standard curve for the aluminium was drawn with aluminium 
standards prepared by dissolving a Icnown weight of pure alum in the 
0.7 T 0.5 
0 . 4 . 
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concentration range 0 to 50 ppm of AlpO, in distilled water. (Fig.5, 
carve 2) The results are recorded in tables LXXXVIII to XCIII. 
Por the estimation of iron, standards in the concentration 
range 0 to 50 ppm. were prepared by dissolving pure ferric ammoniuffi 
sulphate in acidic solution. Standard curve for iron was then 
recorded for the colour developed in the standard samples using 
potassium thiocyanate as reagent, (Pig.5, curve 3) The precipitate 
of iron obtained above was dissolved in 1:1 hydrochloric acid and 
the volume made up 100 cc. 1,0 cc of this solution was then mixed 
with 5 cc of 10?i potassium thiocyanate solution and 44 cc of water. 
The absorbance for the colour produced was taken on Bausch and 
Lomb spectronic 20 at a wavelength of 490 miu The concentration 
of iron was then obtained from the standard curve and the percentage 
of Fe20-, in the cloy sample calculated. The results are recorded 
in tables XCIV to XOIX. 
Total calcium plus magnesium were determined in solution 
'B' (left after removal of iron, aluminium and silicon) by versenate 
titration and calcium alone by ammonium oxalate precipitation 
followed by permanganate titration. The results for calcium and 
magnesium were further checked by the method of Gysling and 
Q 
Schwarzenbach in which the extract from hydrofluoric acid fusion 
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was treated with versene astng marexide and eriochrome black T as 
indicators. The observations and results for calciam and magaesium 
are recorded in tables 0 to 07. 
For the estimation of sodium and potassium, a 0.10g of the 
finely ground clay sample was treated with a few drops of 18N 
sulphuric acid plus 1 cc per chloric acid, plus 5 cc of 485^  hydro-
flouric acid. The covered crucible was warmed on a sand bath and 
contents evoporated to dryness. The acid treatment followed by 
evaporation was repeated three times. The dried residue was now 
dissolved in S'S hydrochloric acid and the solution diluted to 
100 cc. Sodium and potassium were estimated by flame photometry. 
Pure grade sodium chloride and potassium chloride standards in 
the concentration range 0 - 5 0 and 0 - 100 ppm. for potassium.and 
sodium respectively were prepared for recording the standard curves. 
(Fig.4) The results are recorded in tables CVI to CXI for sodium 
and ©XII to CXVII for potassium. 
In all the estimations reported in this chapter A.R. grade 
chemicals were used. Double distilled water was used for preparation 
of all solutions and dilutions. The conditions of each estimation 
were carefully adjusted. Most of the estimations were carried out 
in duplicates. Suitable blanks were run wherever necessary. 
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TABLE LXXXII 
Es t imat ion of s i l i c o n as SiOp i n c l ays by spec t ropho tomet r i c 
( m o l v M o s i l i c i c ac id ) method in Alie;arii s o i l p r o f i l e I . 
(Granga klaadir) 
Concen t ra t ion of c l ay i n the fus ion s o l u t i o n 
Volume of s o l u t i o n 
Amonium molybdate s o l u t i o n added 
Volume of HOI (1 :1) added 
Wave l e n g t h 
0 . 1 0 g / l i t r e 
5oOO cc 
10 cc 
5.00 cc 
430 m u 
Depth in cm« 
1 
, Absorbance 
t 
1 
1 
, Reading from 
, s t andard 
, curve 
1 
1 
t 
» 
i> sio^ 
0 - 2 8 0.290 222.5 47.66 
28 - 38 0.325 249.0 53.26 
38 - 43 0.300 230,0 49.21 
43 - 49 0.305 231.5 49 .53 
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TABLE IXXXIII 
Estimation of silicon as SiOp in clays "by spectrophotometric 
Cmolvbdosilicic acid) metiaod in A^ ligarh soil Drofile II, 
(Eastern uplands) 
Concentration of clay in the fusion solution 
Volume of solution 
Ain^niujn molybdate s o l u t i o n added 
Volume of HCl (1 :1) added 
Wave l e n g t h 
0 . 1 0 g / l i t r e 
5.00 cc 
= 10 cc 
5.00 cc 
= 430 mvu 
Depth in cm. 
1 
' Absorbance 
t 
t 
t 1 
'Reading from ' 
'standard curve ' 
f 1 
5^  SiOg 
0 - 18 0.385 297.6 63.66 
18 - 46 0.365 281.7 60,27 
46 - 58 0.345 268.0 57.32 
58 - 79 0.295 226.0 48.37 
79 - 97 0.297 229.3 49*04 
97 - 127 0.320 245.7 52.56 
127 - 168 0.330 255.0 54.51 
171 
TABLE LXXXIV 
Estimation of s i l i con as SiOp in clays by spectrophotometric 
(molyMosil icic acid) method in Jlligarh s o i l p rof i le III» 
(Central lowlands) 
Concentration of clay in the fusion so lu t ion = 0»10g/ l i t re 
Volume of solut ion = 5.00 cc 
Amonium molybdate solut ion added = 10 cc 
Volume of HCl (1:1) added = 5.00 cc 
Wave length = 450 mu 
r~ t r 
Depth in cm. ' Absorbance 'Reading from ' ^ Si02 
' 'standard curve ' 
t I I 
0 - 31 0.287 222.3 47.57 
31 - 61 0.297 227.8 48.74 
61 - 80 0.310 236.0 50.48 
80 - 104 0.325 249.0 53.27 
104 - 136 0.340 - 259.2 55.46 
136 - 152 0. 345 268.0 57.33 
152 - 183 0.360 278.6 59.59 
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TABLE LXXXV 
Estimation of s i l i c o n as SiOp in clays by spectroptiotometric 
(molvMosil icic acid) methioci in Aligarh. so i l -profile IV, 
(Western uplands) 
Cnncentrai ; ion of Cli ay in the fus ion s o l u t ion = 0. • l O g / l i t r e 
Volume of s o l u t i o n - = 5. ,00 cc 
Amonium molybdate \ Si o l u t i o n added = 10 cc 
Volume of HCl ( 1 ! A) added • = 5, • 00 cc 
Wave l e n g t h • M . 430 mojL 
Depth i n cm. 
1 
1 
Absorbance 'Reading from 
•s tandard curve 
1 
t 
t 
1 
lo tiiU2 
0 -• 31 0.350 272.6 58.32 
31 -. 64 0.375 287.7 61.56 
64 -' 97 0.320 245.6 52.52 
97 - 149 0.325 250.0 53.49 
149 -
•i 
183 0.335 257.1 59.78 
1 
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TABLE LXXXVI 
Estimation of s i l i con as Si02 in clays by spectrophLotometric 
(molybdosilicic acid) method in Ali^arti s o i l p ro f i l e V. 
(Yamuna khadir) 
Concentration of clay in the fusion solut ion = 0 .10g / l i t r e 
Volume of solut ion = 5.00 cc 
Amoniom molybdate solut ion added = 10 cc 
Volume of HGl (1:1) added = 5.00 cc 
Wave length = 430 mu 
I I t 
Depth in cm. ' Absorbance 'Heading from ' io Si02 
' 's tandard curve ' 
t I t 
' 
0 - 3 1 0.330 255.8 54.72 
31 - 59 0.298 230.4 49.31 
59 - 95 0.297 229.3 49.04 
95 - 122 0.335 • 257.1 55.00 
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TABLE LXXXVII 
Estimation of silicon as SiOg in clays by spectrophotometric 
CmolvMosilicic acid) method in Aligarh soil profile VI. 
(Trans Yamuna khadir) 
Concentration of clay in the fusion solution 
Volume of solution 
Amonium molyMate solution added 
Volume of HCl (1:1) added 
Wave length 
= e. 10g/litre 
= 5.00 cc 
= 
10 cc 
= 
5.00 cc 
= 430 moju 
t I I 
Depth in cm. ' Absorbaace 'Reading from ' ?^  SiOp 
' 'standard curve ' 
0 - 3 3 0.340 264.4 56.58 
33 - 59 0.380 288.1 60.24 
59 - 102 0.360 278.6 59.55 
102 - 147 0.355 273.2 58.44 
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TABLE I.XXXVIII 
Estimation of aluminium as AI2O3 iJ^  clays by spectrophotometric 
(aluminon) meth.od in Aligarli soil profile I. 
(Ganga khadir) 
Concentration of clay in the fusion solution 
Volume of solution 
Buffer of pH 4.2 used per sample 
Aluminon reagent added 
Wave length. 
0.1g/litre 
5.0 cc 
10,0 cc 
10.0 cc 
520 mu 
Depth in cm. 
1 
' Absorbance 
• 
« 
1 
* Reading from 
•standard curve 
'in ppm. ^ 
fo AI2O5 
0-28 0.280 30.00 22.50 
28-38 0.285 30.25 22.75 
38 - 43 0.300 32.00 24.00 
43 - 49 0.310 33.50 24.78 
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TABLE LXXXIX 
Es t ima t ion of aluminium as Al^O, i n c l ays by spec t ropho tomet r i c 
(aluminon) method in Al iga rh s o i l p r o f i l e I I . 
(Eas te rn uplands) 
Concent ra t ion of c l ay in the fus ion s o l u t i o n 
Volume of s o l u t i o n 
Buffer of pH 4-. 2 used per sample 
Aluminon r eagen t added 
Wave l e n g t h 
0 . 1 g / l i t r e 
5 ,0 cc 
10.0 cc 
10.0 cc 
520 miL 
Depth in cm. ' Absorbance Reading from 
standard curve ' 
in ppm. 
' % AlgO^ 
0 - 18 0.155 16.5 12.38 
18 - 48 0.650 7.0 16.34 
48 - 58 0.800 9.0 20.45 
58 - 79 0.510 35.0 24.75 
79 - 97 0.300 32.0 24.00 
97 - 127 0.280 30.0 22.50 
•127 - 168 0.270 28.5 21.38 
177 
TABLE XO 
E s t i m a t i o n of aluminium as AlpO, i n c l a y s "by spec t ropho tomet r i c 
(aluminon) method in Aligarh so i l p ro f i l e I I I , ' 
(Central lowlands) 
Concentration of c lay in the fusion solut ion 
Volume of solut ion 
Buffer of pH 4.2 used per sample 
Aluminon reagent added 
Wave length 
0 . 1 g / l i t r e 
5.0 cc 
10.0 cc 
10.0 cc 
520 mo^ 
Depth in cm. Absorbance Reading from 
standard curve 
in ppm. 
i> AI2O5 
0 - 31 0.300 32.00 24.00 
31 - 61 0.290 30.50 22.88 
61 - 80 0.295 31.00 23.25 
80 - 104 0.280 30.00 22.50 
104 - 136 0.240 25.50 19.13 
136 - 142 0.225 . 23.25 17.53 
142 - 183 0.210 22.50 16.87 
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TABLE XOI 
Estimation of aluminium as AlgO, in clays by spectrophotometric 
(aluminon) method in Aligarh. soil profile IV. 
(Western uplands) 
Concentration of clay in ttie fusion solution 
Volume of solution 
Buffer of pH 4.2 used per sample 
Aluminon reagent added 
Wave length 
0.1g/litre 
5.0 ec 
10,0 oc 
10.0 cc 
= 520 mu 
Depth in cm. ' Absorbance Reading from 
s tandard curve 
in ppm. 
io AlgO^ 
0 - 3 1 0.195 20.5 15.38 
31 - 64 0.265 28.0 21.00 
64 - 97 0.250 26.5 19.88 
97 - 149 0.235 25.0 18.75 
149 - 183 0.190 20.0 16.50 
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TABLE XOII 
Estimation of aluminiuia as AlgO^ in clays by spectrophotometrio 
(aluminon) method in Aligarh soil profile V, 
(Yamuna khadir) 
Concentration of clay in the fusion solut ion = 0 . 1 g / l i t r e 
Volume of so lu t i t m = 5.0 cc 
Buffer of pH 4.2 used per sample = 10.0 cc 
Aluminon reagent added = 10.0 cc 
Wave length mm, 520 mu 
Depth in era. ' AbsorlDance Reading from 
'standard curve 
in ppm. 
/» AlgO^ 
0 - 3 1 0.200 21.0 17.75 
51 - 59 0.250 26.5 19.88 
59 - 95 0.250 24.5 18.38 
9 5 - 1 2 2 0.210 22.5 16.88 
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TABLE XCIII 
Es t ima t ion of aluminiuun as 41„0_ i n c lays TDV spec t ropho tomet r i c 
2_2 ^ 
(aluminon) method in Al igarh s o i l p r o f i l e V"I« ' 
(Trans Yamuna Khadir) 
Concen t r a t i on of c lay in th.e fus ion s o l u t i o n 
Volume of s o l u t i o n 
Buffer of pH 4 .2 used per sample 
Aluminon reagen t added 
Wave l e n g t h 
= 0 . 1 g / l i t r e 
5.0 CG 
10.0 CO 
10.0 CO 
= 520 m u 
Depth in cm. Absorbance 'Reading from 
s tandard curve 
in ppm. 
io AI2O5 
0 - 3 3 0.220 
33 - 59 0.185 
59 - 102 0,190 
102 - 147 0.200 
23.5 17.62 
19.5 14.62 
20.0 16.50 
21.0 15.78 
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TABLE XCIV 
Estimation of iron as FepO.^  i-^ clays by spectrophotometric 
(thiooynate) method in Ali^arh soil profile I. 
(Ganga k:h.adir) 
Concentration of clay in the fasion solut ion 
Volume of solut ion 
Volume of water added 
Volume of thiocynate added 
Wave length 
0 . 5 g / l i t r e 
1.0 cc 
44.0 cc 
5.0 cc 
= 490 mxL 
Depth i n cm. ' Absorbance Reading from 
standard curve 
i n ppm. 
' fo I'egOj 
0 - 2 8 0.700 20.00 5.36 
28 - 38 0,690 19.90 . 5.34 
38 - 43 0.080 22.00 5.90 
43 - 49 0.080 22.00 5.90 
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TABLE XCV 
Bstiti iation of i ron as PepO^ in c l ays by spect ropt io tometr ic 
( t h i o c y n a t e ) method in Ali|g;arh s o i l p r o f i l e I I . 
(Eas t e rn uplands) 
Concen t r a t i on ' o f c l ay in the fus ion s o l u t i o n 
Volume of s o l u t i o n 
Volume of water added 
Volume of t h iocyna te added 
Wave l e n g t h 
= 0 , 5 g / l i t r e 
1.0 cc 
= 44 .0 cc 
= 5.0 cc 
= 490 rnii^ 
Depth in cm. AlDSorbance Reading from 
s tandard curve ' 
in ppm. 
• io PegOj 
0 - 18 0,0^0 13.50 3.62 
18 - 46 0.050 •13.50 3.62 
46 - 58 0.040 11.95 2.79 
58 - 79 0,100 28.00 7.50 
79 - 97 0.110 31.00 8.31 
97 - 127 0.100 28.00 7 ,50 
127 168 0.095 27.00 7.24 
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TABLE XCVI 
Estimation of i ron as Pe2'^3 ^^ clays by speotrophotometric 
(thiooynate) method in Aligarh so i l profi le I I I» 
(Central lowlands) 
Concentration of clay in the fusion solut ion 
Volulae of solut ion 
Volume of water added 
Volume of thiocynate added 
Wave length 
0 . 5 g / l i t r e 
1.0 cc 
44.0 cc 
5.0 cc 
490 m^^  
Depth in cm. AIDS orb ance Reading from 
' s tandard cux've 
in ppm. 
'fo FegO^ 
0 - 31 0«090 25.5 6.83 
51 - 61 0.085 24.0 6.53 
61 - 80 0.090 25.5 6.83 
80 - 104 O0II5 33.0 5.84 
104 - 136 0.800 22.0 5.90 
136 - 152 0.800 22.0 5.90 
152 - 183 0.700 20.0 5.36 
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TABI^ E XCTII 
E s t i m a t i o n of iron as ^©2^3 ^ c lays by speotrophotometric 
(tfaiocynate) method i n Aligarh. s o i l p r o f i l e IV. 
(Western uplands) 
Concen t ra t ion of cl&j in t h e fus ion s o l u t i o n 
Volume of s o l u t i o n 
Volume of wa te r added 
Volume of t h i o c y n a t e added 
Wave l e n g t h 
0,5g/litre 
1.0 cc 
44.0 cc 
5,0 cc 
490 maX' 
Depth in cm. Absorbance Reading from 
s tandard curve 
i n ppm. 
fo FegO, 
0 - 3 1 0.050 13.5 3.62 
3(D - 64 0.080 22.0 5.90 
64 - 97 0,090 25.0 6.70 
97 - 149 0.100 28.0 7.50 
149 - 185 0.060 16.5 3.76 
185 
TABLE XGYIII 
Es t imat ion of i ron as Pe20-, in c l a y s by spec t ropho tomet r i c 
( t h i o o y n a t e ) method in Al igarh s o i l p r o f i l e Y. 
(Yamuna khad i r ) 
Concen t ra t ion of c lay in the fus ion s o l u t i o n 
Volume of s o l u t i o n 
Volume of water added 
Volume of t h i o c y n a t e added 
Wa\re l e n g t h 
= 0 , 5 g / l i t r e 
1.0 cc 
44 .0 cc 
5 .0 cc 
= 490 m u 
Depth in cm. Kb sorbance 'Heading from 
' s t anda rd curve 
' i n ppm. 
' i'o PegO^ 
0 - 3 1 0,090 25.0 6.70 
31 - 59 0.120 34.0 9.11 
59 - 95 0.160 46.0 12.33 
9 5 - 1 2 2 0.110 31.0 8.31 
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TABLE XOIX 
Estimation of iron as Fe^O, in clays by spectrophotometric 
(th.iooynate) method in Aligarh s o i l p rof i le VI« 
(Trans Yamuna kliadir) 
Concentration of clay in the fusion solut ion 
Volume of so lu t ion 
Volume of water added 
Volume of thiocynate added 
Wave length 
= 0 , 5 g / l i t r e 
1,0 cc 
= 44.0 cc 
- 5.0 cc 
= 490 rnxL 
Depth in cm. ' Absorbance Reading from 
s tandard curve 
in ppm. 
fo FegO^ 
0 - 3 5 0.075 21.0 5.63 
35 - 59 0.070 20.0 5.36 
59 - 102 0.075 21.5 5.76 
102 - 147 0.100 28.0 
0 
7.50 
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TABLE C 
Estimation of 09,10ium and magnesium as OaO and MgQ in clavs 
by versene titration method in Aligarh soil profile I» 
(Ganga khadir) 
Concentration of clay in the fusion solut ion = .005g 
Volume of solut ion = 10,0 cc 
Strength of E.D.T.A. so lu t ion = N/89.5 
Depth in 
cm. 
io of MgO 
0 - 2 8 1.85 1.20 0.65 6.39 4 .70 
28 - 38 1.22 0.60 0.62 3.76 3.88 
38 - 43 1.25 0.65 0.60 4.07 3.76 
43 - 49 1.00 0.50 0.50 3.14 3.14 
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TABLE CI 
Es t ima t ion of calcium and magmesiaai as OaO and MgO i n c l avs 
by yersene t i t r a t i o n method i n Aligart i s o i l p r o f i l e I I . 
(Eas t e rn uplands) 
Cojooentration of. c l ay in t h e fus ion s o l u t i o n 
Volume of s o l u t i o n 
S t r e n g t h of E.D.T.A. s o l u t i o n 
.005g 
10.0 cc 
N/89.5 
Depth 
cm. 
in , 
E .D.I .A. s o l u t i o n used i n CG ' 
io of CaO , • io of MgO 
Ca + Mg 
I 
' Ca 
t 
1 < 
' D i f f e r e n c e ' 
' f o r Mg ' 
t » 
0 - 18 0.55 0.45 0.10 2.72 0.73 
18 - 46 0.35 0.20 0.15 2.19 1.84 
46 - 58 0.35 0.15 0.20 1.76 0.43 
58 - 79 0.90 0 .30 0 .60 1.88 3.76 
79 - 97 0.65 0.30 0.35 1.88 2.19 
97 - 127 0.70 0.25 0.45 3.26 1.13 
127 - 168 0.65 0.35 0.30 2.19 1.78 
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TABLE CII 
Estimation of calcium and magnesimn as CaO and MgQ in clavs 
"bv versene titration metiiod in Aligarti soil profile III* 
(Central lowlands) 
Concentration of clay in the fusion solution 
Volume of solution 
Strength of E.D.T.A. solution 
.005g 
= 10.0 cc 
= N/89.5 
Depth in 
cm. 
E.D.T.A. s o l u t i o n 
1 
used i n cc i of CaO i> of MgO 
t t 
' Ca + Mg 
• 
' Ca 'Di f fe rence 
' f o r Mg 
1 ( 
0 - 3 1 1.05 0.50 0.55 3.14 3.44 
31 - 61 1.05 0.45 0.60 2.82 3.76 
61 - 80 0.90 0.25 0.65 1.57 4.07 
80 - 104 1.25 0.40 0.85 2.51 3.13 
104 - 136 1.05 0.25 0.80 1.57 5.01 
136 - 152 1.15 0.30 0.85 1.88 5.33 
152 - 183 1.20 0.40 0.80 2.51 5.01 
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TABLE GUI 
Estimation of calcium and magnesium as CaO and MgO in clays 
by versene titration method in Allgarh soil profile IV. 
(Western uplands) 
Concentration of clay in the fusion solut ion 
Volume of solut ion 
Strength of E.D.T.Ao solut ion 
.005g 
10.0 cc 
N/89o 5 
Depth in 
cm. 
E'.D.T.A. solut ion used in cc 
Ca + Mg ' Ca 'Difference 
'for Mg 
io of CaO ' io of MgO 
0 - 3 1 0.95 0.45 0.50 2.82 4.13 
31 - 64 1.00 0.45 0.55 2.84 3.45 
64- 97 1.05 0.30 0.75 1o88 4.70 
97 - 149 1.10 0.40 0.70 2.51 4.38 
149 - 183 0.95 0.30 0.65 1.88 5.07 
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TABLE CIV 
Es t imat ion of calcium and magnesium as GaO and Mg:0 in c l avs 
by yersene t i t r a t i o n metiaod i n Al igarh s o i l p r o f i l e V. 
(lamuna khad i r ) 
Concent ra t ion of c lay in tlie fus ion s o l u t i o n 
Volume of s o l u t i o n 
S t r e n g t h of B.D.T.A. s o l u t i o n 
.005g 
10.0 cc 
N/89.5 
E.D.T.A. solution used in cc 
Depth in fo of CaO fo of MgO 1 1 
cm. Ca + Mg ' Ca 
! 
1 
'Difference 
'for Mg 
1 
0 - 3 1 0.90 0.45 0.50 2.82 ' 2.82 
31 - 59 1.05 0.40 0.65 2.51 4.07 
59 - 95 1.00 0.35 0.65 2.19 4.08 
95 " 122 0.95 0.40 0.55 2.51 4.44 
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TABLE CV 
Es t ima t ion of Galcium and magnesium as GaO and MgO i n c l^vs 
by versene t i t r a t i o n method In Al iga rh s o i l p r o f i l e VI. 
(Trans Yamuna k h a d i r ) 
Concentra t ion of c l a y in t h e fus ion so l t t t i on 
Volume of so lu t ion 
Strength of E.D.T.A. s o l u t i o n 
.005g 
10*0 CO 
lT/89.5 
Depth i n 
cm. 
'Di f fe rence 
' for Mg 
io of CaO io of MgO 
0 - 3 3 0.90 0.35 0.55 2.19 3.45 
35 - 59 0.95 0.45 0.50 2.82 4 .13 
59 - 102 1.00 0.40 0.60 2.51 3.76 
102 - 147 1.05 0.40 - • 0.65 2.51 4.07 
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TABLE GYI 
Estimation of sodium as NapO in clays by flame photometer method 
in Aligarh soil profile I, 
(Ganga khadir) 
Filter used 
Concentration of clay in the fusion solution 
Sodium 
0. Ig/100 cc 
Depth in cm. ' Photometer 
reading 
'Na cone, in ppm. 
from standard ' 
c urve ' 
io of lagO 
0-28 12 5.50 0.62 
28 - 38 28 12.50 1.41 
38 - 43 20 9.00 1.02 
43 - 49 32 ' 14.50 1.64 
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TABLE CYII 
Estimation of sodium as NapO in clays "by flame photometer method 
in AliA'arh soil profile II. 
(Eastern uplands) 
Filter used 
Concentration of clay in the fusion solution 
Sodium 
0.1g/100 cc 
Depth in cm. Photometer 
reading 
'Na cone,in ppm. 
'from standard 
curve 
io of Na20 
0 - 18 25 
18 - 46 17 
46 - 58 20 
58 - 79 20 
79 - 97 21 
97 - 127 19 
27 - 168 22 
11.0 
7.5 
9.0 
9.0 
9.5 
8.5 
10.0 
1.24 
0.85 
1.02 
1.02 
1.06 
0.96 
1.13 
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TABLE CVIII 
Estimation of sodium as Na20 in clays by flame ph.otometer method 
in Aligarh soil profile III. 
(Central lowlands) 
Filter used 
Concentration of clay in the fusion solution' 
Sodium 
0.1g/100 cc 
Depth in cm. 
t 
' Photometer ' 
' read ing 
t 
,t. 
Ha c one.in ppm.' 
'from standard 
•curve 
^ 
of NagO 
0 _ 31 22 10.0 1.13 
31 - 61 30 13.5 1.53 
61 - 80 20 9.0 1.02 
80 - 104 18 8.0 0*90 
104 ~ 136 28 12.5 1.41 
136 ~ 152 25 11.0 1.24 
152 — 183 19 8.5 0.96 
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TABLE CIX 
Es t ima t ion of sodium as Na 0 in c l ays by flame photometer method 
in Alifiarh s o i l p r o f i l e lY. 
(Western uplands) 
F i l t e r used 
Concent ra t ion of c l a y in t h e fus ion s o l u t i o n 
Sodium 
0.1g/lOO cc 
Depth in cm. Photometer 
reading 
Na cone,in ppm. 
'from standard 
curve 
/. of Na20 
0 - 3 1 20 ,9.00 1.02 
31 - 64 20 9.00 1.02 
64 - 97 23 10.00 1.13 
97 - 149 24 10.50 1.19 
149 - 183 23 10.00 1.13 
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TABLE CX 
Estimation of sodium as NagO in clays by flame photometer method 
in Aligarh soil profile V. 
(Yamuna khadir) 
Filter used 
Concentration of claj in the fusion solut ion 
Sodium 
0.1g/100 cc 
DeDth in cm. Photometer 
read ing 
'Na c one.in ppm 
'from standard 
' c urve 
of Na20 
0 - 3 1 20 
31 - 59 26 
59 - 95 25 
95 - 122 31 
9.0 
11.5 
11.0 
14.0 
1.02 
1.30 
1.24 
1.60 
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lABLE CXI 
Estimation of sodium as NagO in clays by flame photometer method 
in Aligarh soil profile VI. 
(Trans Yamuna khadir) 
Filter used 
Concentration of clay in the fusion solution 
Sodium 
0.Ig/100 cc 
Depth in cm. 
t 
« 
1 
I 
1 
Photomet 
reading 
er 'H"a cone, in ppm. 
'from standard 
'curve 
i^ of NagO 
0 - 5 3 25 11.0 1.24 
33 - 59 30 13.5 1.52 
59 - 102 22 10.0 1.13* 
102 - 147 23 10.5 1.19 
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TIBLS CXII 
Estimation of potassium as KpO in clays by flame photometer method 
in A2^ igarh soil profile I« 
(Ganga khadir) 
Filter used 
Concentration of clay in the fusion solut ion 
Potassium 
0.1g/lOO cc 
Depth in cm. Photometer 
reading 
'K cone, in ppm. 
'from standard 
'c urve 
io of K^ O 
0 - 2 8 64 
28 - 38 54 
58 - 43 68 
43 - 49 72 
30.0 3.77 
25.5 3.20 
32.0 4.02 
34.0 4.27 
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IABLE 0X1II 
Estimation of potassium as K2O in clays by flame photometer method 
in Aligarli soil profile II. 
(Eastern uplands) 
Pilter used 
Concentration of clay in the fusion solut ion 
Potassium 
0.1g/lOO cc 
Depth in cm. Photometer 
reading 
'K cone, in ppm. 
'from standard 
curve 
9^  of KgO 
0 - 18 77 
18 - 46 66 
46 - 58 75 
58 - 79 68 
79 - 97 68 
97 - 127 66 
127 - 168 64 
36.25 4.55 
31.00 3.89 
34.50 4.33 
32,00 4.02 
32.00 4.02 
31.00 3.89 
30.00 3.77 
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TABLE CIY 
Estimation of potassium as KpO in clays by flame photometer method 
in Aligarh soil profile III. -
(Central lowlands) 
Filter used 
Concentration of clay in the fusion solut ion 
Potassium 
0.1g/100 cc 
Depth in cm. Photometer 
' reading 
t 1 
'K cone, in ppm. 
'from standard 
'curve 
f 
i> of KgO 
0 - 31 66 31.0 3.89 
31 - 61 70 33.0 4.14 
61 - 80 60 28.5 3.58 
80 - 104 58* 27.5 3.45 
104 - 136 59 28.0 3.52 
156 - 152 57 27.0 3.39 
,152 - 183 45 21.5 2.70 
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TABLE GXV 
Estimation of potassium as KgO in clsiys toy flame phiotometer method 
in Aljgarh s o i l prof i le IV. 
(Western uplands) 
F i l t e r used 
Concentration of clay in the fusion solut ion 
Potassium 
0.1g/100 CO 
Depth in cm. Photometer 
read ing 
1 
'K cone, i n 
'from standa 
' curve 
1 
ppm. 
rd 
' ^ of KgO 
0 - 3 1 71 33.50 4.21 
31 - 64 72 34.00 4.27 
64 - 97 76 35.75 4.49 
97 - 149 78 36.50 4.58 
149 - 183 78 36.50 4 .58 
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TABLE CXVI 
Estimation of potassium as KpO in clays by flame photometer method 
in Ali^arh soil profile V, 
(Yamuna khadir) ^ 
F i l t e r used 
Concentration of clay in the fusion solution 
Potassium 
0.1g/100 cc 
Depth in cm. ' Photometer 
read ing 
'K cone, i n ppm. 
'from s tandard 
' cu rve 
t 
• io of K2O 
0 - 3 1 73 33.25 4.17 
31 - 59 75 * 35.00 4 .40 
59 - 95 70 33.00 4.14 
95 - 122 69 32.50 4 .08 
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TABLE CXVII 
Estimation ol potassium as ¥^2^ iJ^  clays "by flame photometer method 
in Aligarh soil profile VI. 
(Trans Yamuna kha^ dir) 
Filter used 
Concentration of clay in the fusion solution 
Potassium 
0. Ig/100 cc 
Depth in cm. Photometer 
reading 
'K cone, in ppm, 
'from standard 
'c urve 
f 
fo of KgO 
0 - 3 3 68 
33 - 59 54 
59 - 102 52 
102 - 147 63 
32.0 
25.5 
24.5 
29.5 
4.02 
3.20 
3.09 
3.70 
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R E S U L T S A N D D I S C U S S I O N 
The r e s u l t s of chemical analys is of the clays are 
presented in tab les CXVIII to GXXIII along with t h e i r molar r a t i o s . 
The percentage of s i l i c a , iron and aluminium oxides did not show 
abnormal var iat ions in d i f ferent c lays . The percentage of potash 
10 
varied from 2.70 to 4 .58. The high potash content was indicat ive 
of the presence of i l l i t e as the dominant clay mineral in almost 
a l l the prof i les except in some layers of p rof i l e I I . The magnesia 
content was also high which suggested the presence of montmorillonite 
or ch lo r i t e in the s o i l s . The low values of base exchange capacity 
(8 to 30 meq. per 100g c l ay ) , however, ruled out the presence of 
any large amount of montmorillonite. This fact found confirmation 
in s i l i c a sesquioxide r a t i o s which varied from 2.54 to 5.6 (except 
in the upper l ayer p rof i l e I I where i t was 7.55) . The s i l i c a 
alumina r a t i o s fur ther confirmed the presence of ch lo r i t e and 
i l l i t e in the different p r o f i l e s . The trend in the molar r a t i o s 
of d i f fe ren t p rof i les at varying depths pointed to the presence of 
almost the same type of clay minerals in the d i f ferent so i l s of 
Aligarh d i s t r i c t , though t h e i r proportion varied. 
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According to the criterion adopted by the Committee on 
clay mineral analysis of the Soil Science Society of America, if 
the percentage of potash in a clay was 10^ then the percentage 
of illite in those clays would range from 37 to 58^ and if Si IL^O 
was taken as the criterion, then the illite content would range 
from 60 to 30fo, On the "basis of these assumptions the illite 
content at different depth of the Aligarh profiles would range 
as calculated and shown vide table CXXIV. This order of illite 
content found confirmation from magnesia content also. Magnesia 
content (tables CXVIII to CXXIII) also showed that the chlorite 
content of these clays would generally follow the order profile III> 
profile IV > profile VI > profile I> profile V > profile II. Thus 
the eastern uplands have the lowest chlorite content. The high 
values of silica and calcium oxide in most of the profiles also 
pointed to the presence of quartz and calclte in some of the 
Aligarh clays. On the basis of chemical analysis results it could, 
therefore, be safely concluded that the predominant clay mineral 
in Aligarh soils was illite with small quantities o± chlorite and 
quartz. Most of these results have been confirmed by X-ray and 
I.E. analysis of the clays (vide infra). 
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CHAFPBR lY 
I 
CLAY MIHERALOGIGAL INVESTIGAJIOUS ON ALIGABH SOIL PROFILES —. 
X^RAY DIPFRACTIOH STUDIES. 
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Among the many methods of studying clay minerals, the 
X-ray method is now the most widely used for the i r identif ication 
and is of paramount importance for studying their crystal l ine 
character is t ics . !Phe basic principle underlying the identifica-
tion of materials by X-ray i s that each crystal l ine substance has 
i t s own characterist ic atomic structure which diffracts X-rays. 
The diffraction method is non-destructiv-e and requires only small 
amounts of material. I t can be used for the analysis of mixtures 
and offers potent ia l i t ies for quantitative analysis. X-ray 
identification procedure were developed f i r s t for materials in the 
form of fine powders, but data for single crys ta ls , thei r l a t t i c e 
parameters and space groups, have also been collected and tabulated 
in a form which permits identification of materials in single-
crystal form. Clays being essential ly fine grained materials 
can be studied by X-ray powder techniques except in a few special 
cases where macro-crystalline material also exis ts . 
Historically i t is diff icul t to pin down exactly when 
X-rays were f i r s t ut i l ised for clay-mineral identif ication, but the 
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method made great headway in the early 1930's, chiefly as a 
result of the pioneer work of a number of investigators in the 
United States. Pauling '"^  sketched out the structural principles 
of the layer silicates; Ross and Kerr *''* demonstrated the 
important advantages which occur from applying X-ray methods to 
7 8 
c l ays ; Gruner * i n i t i a t e d the de ta i led s t ruc ture analysis of the 
b e t t e r c rys t a l l i ne c lays ; and Hendricks followed with a long se r i e s 
of crystal lographic s tud ies . The deta i led s t ruc tu re analysis of 
9 
muscovite mica by Jackson and West was a major achievement at t h i s 
time and confirmed the general p r inc ip les developed by Pauling. 
I t would take ioo long to t race in d e t a i l the main l i n e s of deve-
lopment of X-ray clay-mineral s tud ies . I t wi l l suff ice to note 
tha t following the Second World War special ized groups devoted to 
clay-mineral s tudies were s ta r ted in many count r ies : in Belgium 
in 1947, in Great Br i t a in in 1948, and subsequently in Prance, 
Sweden, Germany and the United S t a t e s . X-ray s tudies have played 
a major role in the large volume of clay-mineral research undertaken 
since 1945. 
Various methods have been proposed for the X-ray ident i f i -
cation of powder substances of which the most important and the 
most comprehensive Is the X-ray powder Data P i l e , published by. the 
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American Society for Testing Materials. This card file and its 
companion Index Volume are kept up to date by a continuous revision 
of old data and inclusion of new data. 
When an incident X-ray "beam strikes the crystal, it is 
diffracted by the atoms or ions of the crystal. The diffraction 
pattern produced is unique for a given crystal structure. This 
diffraction pfettern consists of the different orders of the basal 
spacing reflections together with general reflections of all orders 
of hkl. Since the a and b crystalline plane of the most clay 
minerals are more or less alike, the general reflections are not 
much different from each other except for intensities of the refle-
ctions which depend on the number of atoms in the plane and different 
isomorphous substitutions. But the basal reflections differ and are 
the most important diagnostic feature for the identification of the 
minerals. Of course for a detailed structure study, the general 
reflections are also to be analysed. 
As the X-ray beam passes through the sample, it encounters 
many randomly oriented crystallities. Among them there are bound 
to be many that are oriented in such a way that a particular .set 
of hkl plane will make the correct © angle for diffraction to occur. 
The individual reflections from hkl planes of the randomly oriented 
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crystals form a cone of half opening angle 2 $. This cone 
intersects the narrow strip of film, producing two nearly circular 
arcs. The distance S laetween pairs of arcs on the film is propor-
tional to Bragg angle 6. Since 4 0 is full opening angle of the 
diffraction cone, S = R,4® or 0 = j^ ,.,. (I) where S is the 
measured distance between a pair of arcs, 0 is in radians, and R 
is the radius of the film. By multiplying the right side of (I) 
"by ~jf degrees/radians, the angle 0 is expressed in degrees, as 
follows, 0 = —j^ . jrs degrees. Substituting for' R a valueAto -^^ , 
^ - L 7^  • 4.' • 180j ^ -
S 
4 
In most cases it is convenient to work with a camera 
1 PiC) 
whose radius i s a mult iple of e . g . , 114.85 mm. In t h i s case 
g 
0 = •J i , e . , the Bragg angle 0 can be obtained by dividing the 
reading on the film by 2. Knowing the value of 0, hkl can be 
calculated from Bragg's equation as follows, 
d = 2 s in 0 •^^^^s ^ - wavelength of X-rays used. 
0 = angle of incident and diffracted beams, 
d = in te rp lanar spacing. 
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The d spacings in A*^  emits are analysed with the help of 
X-ray data file which gives a clue to the identity of the mineral. 
Clay minerals exist for the most part only in very fine 
particles, and some forms of powder methods usually must be used 
to obtain the diffraction datal Because of certain inherent 
chjiracteristics of the clay minerals, special ^ cameras _an.d_techniques 
entirely adequate for other materials have been found to be 
unsatisfactory for clay mineral investigations. In the clay 
minerals there are few, if any, reflections obtained from spacings 
less than about 1 kX, and therefore with copper IQ^  radiation, it 
is unnecessary to extend either the film or the camera to values 
of 2 0 greater than about 90° or 100°. The specimen, therefore, 
can be brought nearer the focus of the X-ray tube and the exposure 
time shorten^ed by omitting that part of the usual cylindrical 
camera corresponding to 90°-C 26 C 180°, 
The first-order basal reflections of the clay minerals are 
frequently their most important reflections. Such reflections may 
correspond to spacings as large as 20 to 50 A°, and it is to obtain 
clear recordings of such low-angle reflections that special cameras 
and special techniques have been devised. Further it may be 
necessary to study the exact shape or profile of such a reflection, 
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and for this purpose cameras capable of recording spacings of 
the order of 50 A are required. ' Cameras with diameters 
of 9 to 20 cm are commonly employed in clay-mineral work. Cano 
12 
Ruiz and MacEwan describe a simple adaptation of the single 
CamaYas 15 
crystal rotation cainera. Adaptation of circular powder A are 
usually designed with a trap for the primary X-ray "beam which 
obscures the region of the film where reflections from the longer 
clay mineral spacings occur. The subject of focusing cameras and 
14. 1R 
monochromators has been surveyed by Brindley and by Jasmund. 
1 fi 
Wolf designed a modified form of Guinier focusing camera in 
which either two or four cameras are combined in a single unit. 
17 Brindley and Orooke designed a fouivcamera unit on principles 
similar to those embodied in the semi-foe using flat specimen 
camera. 
The investigations described in this chapter deal with the 
X-ray studies on the clays extracted from the s ix s o i l profi les of 
Aligarh d i s tr ic t in their sodium form. 
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E X P E R I M E N T A L 
For the examination of the soils by X-ray diffraction, 
raw soil samples from the six profiles of Aligarh district were 
dried in the air and ground in a mortar with rubber covered pestle. 
Coarse and undesirable material was removed by sieving. Less 
than 2 micron clay suspensions were than separated from the soils 
by dispersion and converted into their sodium form as described 
in chapter III of this thesis. The suspension, in each case, was 
then placed on a glass slide specimen holder and allowed to dry 
to form an oriented thin layer. The specimen were then examined 
using a Philips X-ray diffractometer with filtered Cuk^ radiation. 
The X-ray tube was operated at 36kV and 16mA, with receiving slit 
0,2 mm; scalar factor 16, 16; time constant 2, scanning speed 2° pei 
minute, chart speed 800 mm per hour and nickel foil as filter. 
X-ray diffraction patterns as obtained for the different clay sample 
of the profiles are given in Pigs,6 to 11. The diffractograms 
were interpreted with the help of ASTM Card Nos. 9-543, 9-334, 
13-29, 5-0490, and 10-359 of the X-ray data file. The 2 6, ^hkl and 
intensities of the X-ray peaks are given in tables CXXV to CXXX for 
the different profiles. The abbreviations used and the intensities 
estimated have been expressed by the following letters in the table 
S (Strong), M (Medium), V/ (Weak). 
The minerals detected are also given in tables CXXV to CXXX 
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R E S J L I S A N D D I S C U S S I Q H 
The r e su l t s for the X-ray d i f f rac t ion data for the clays 
from Aligarh so i l prof i les are given in t ab les CXXV to CXXX as 
indicated by dif f ract ion pa t t e rns vide f igures 6 to 11. I t i s 
d i f f i c u l t to estimate the r e l a t i v e proportions of the d i f ferent 
minerals present in a clay sample by X-ray diffractometry without 
conducting deta i led cal ibrat ion- experiments taking known composi-
t ions of the components. I t i s a lso not possible to find out the 
exact nature of the c r y s t a l l i n i t y of the various components which 
information is essent ia l to obtain ca l ib ra t ion curves. The detec-
t ion l imi t depends upon the degree of c r y s t a l l i n i t y . Thus the 
l i m i t s of detect ion of the minerals iden t i f i ed in our samples were 
mostly q u a l i t a t i v e . Confirmation for the presence of the minerals 
was further obtained in some cases, by the methods of elemental 
ana lys is , electrometric t i t r a t i o n s and infrared analys is which \\rere 
fu l ly exploited in these inves t iga t ions . 
As per ASTM Cards of the X-ray data f i l e , the following 
standard values for 2 9 and basal spacings have been taken for the 
mineral iden t i f i ca t ion of our X-ray diffractograms (Table CXXXI). 
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TABLE GXXXI 
Stajidard. valaes o£ basal spaclngs for the different clay minerals, 
1 
Mineral 
f 
' 2 0 
« 1 
hkl 
X 
'ASTM Card. No 
1 
» 
I l l i t e 9.80 
17.80 
19.80 
10.00 
4 .97 
4 .48 
002 
004 
020 
9-543 
9-354 
C h l o r i t e 6.20 14.75 001 
• 12.50 7.07 002 1 5 T 2 9 
25.76 5.52 004 
Qttartz 20.90 4.25 100 
26.70 3.34 101 5-0490 
50.20 1»82 003 
Fe ldspa r 22.00 4.056 201 • 
27.70 3.21 040 10-359 
28.00 3.18 002 
C a l c i t e 3.00 
2.28 
2.00 
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Some rough idea of the quantitative proportion of the 
various minerals has been obtained from the intensities of the 
diffraction maximas obtained by measuring the d-spacing peak 
heights and the areas under the d-spacing peaks. 
X-ray diffraction results (Pigs.6 to 11) revealed the 
dominance of the clay mineral illite in our soils along with a 
number of associate minerals. 
A reference to Pig.6, table GXX? of profile I of the 
Aligarh soils indicated the existence of peaks of strong intensity 
at 3.34 A° along with weaker ones at 4.24 A°, and 1.8 A° at almost 
all depths. Thus quartz was present throughout the profile followed 
by the presence of illite as evidenced by the presence of peaks at 
10.4 A°, 4.97 A°, 4.4 A° of medium to weak intensity at all depths. 
There was an increase in the proportion of illite with depth. 
Feldspar at all depths (5.18 A°, medium to weak) and traces of calcit( 
(2.01 A°) were also present in the Ganga khadir clays. 
X-ray diffraction patterns of profile II (Fig.7, table CXXVI) 
confirmed the presence of quartz and illite as the dominant minerals 
in this profile at all layers. Peaks at 10 A° (M), 4.97 A° (W), and 
4.48 A° (W) indicated the existence of illite and at 3.34 A° (S) the 
presence of quartz. Chlorite occurred at a depth of 79 to 97 cm as 
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indicated by peaks at 7.14 k° of weak intensity in this layer. It 
was absent in other layers. Traces of calcite at all depths 
(2.01 A°) and some feldspar in the bottom layer (4.06 A'^) were also 
present. 
Strong peaks at 3.34 A° and medium to weak at 10 A° followed 
by secondary order peaks (Pig.8, table CXXVIl) revealed the presence 
of quartz and illite at all depths of profile III. Chlorite also 
occurred below a depth of 31 cm in all cases as was apparent from 
peaks at 7.14 A (W) and 14.6 A^ (M); its proportion increasing with 
depth. Feldspar and calcite were present below a depth of 80 cm in 
small quantities. 
A reference to Fig.9, table CXXVIII, revealed the existence 
of strong peaks at 3.34 A° and medium ones at .4.26 A° which pointed 
to the presence of quartz at all depths of profile lY. Medium 
intensity peaks at 10.4 A° and 4.97 A° revealed a dominant proportion 
of illite at all depths followed by the presence of chlorite 
(7.17 A^) in layers at depths ranging from 0-31 cm, 64-97 cm and 
97-149 cm. Traces of feldspar (below 97 cm) and calcite were also 
present. 
As in other profiles, strong peaks at 3.34 A° (Fig.10, 
table OXXIX) indicated a dominant proportion of quartz at all depths 
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followed by the presence of i l l i t e as indicated by peaks of medium 
In tens i ty at 10 A°, 4.48 k° and 4.97 A°. Chlor i te , fe ldspar and 
c a l c i t e were a l so present in small amounts. 
A reference to F ig .11 , t ab le CXXX revealed the existence of 
subs tan t ia l quan t i t i e s of i l l i t e and quartz at a l l depths of the 
s ix th p ro f i l e . Weak peaks at 3.52 A indicated t races of ch lo r i t e 
below a depth of 33 cm. Traces of feldspar and c a l c i t e were a lso 
indicated below the same depth. 
Kaol in i te , montmorillonite and verraiculite could not be 
detected in any of the clays of the d i f fe ren t p ro f i l e s . This fact 
was also in accordance with the base exchange capacity of these 
clays which varied from 8 to 30 meq/lOOg c lay . Appreciable amounts 
of non-clay mineral matter along with ferruginous minerals and 
amorphous matter were indicated in a l l samples. 
Prom the above data i t appeared tha t a l l the clays were 
almost s imi lar in t h e i r mineralogical make up though t h e i r propor-
t ions varied. 
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CHAPTER Y 
lEFHARED IKVESTIGATIOHS ON 
SOm TYPICAL ALIGARH CLAYS. 
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Atoms v/h.xcii are grouped togetiier in molecules, do not 
remain at rest, but are continuously in vibration. Sucli vibrations 
produce periodic displacement of atoms with respect to one another, 
causing a simultaneous change in interatomic distances. The 
frequencies of the vibrations fall within the range of 10 to 10 
cycles per second, which is of the same order of x-nagnitude as the 
frequencies of infrared radiations. Vibrations which are accom-
panied hj a change in dipole moment give rise to the absorption 
of radiations in the infrared region of the electromagnetic 
spectrum. Several modes of vibrations may occur, for a particular 
atomic group, each at characteristic frequency and normally 
independent of other modes. 
If molecules of a smbstance whose vibrations are accompanied 
by a change of dipole moment are irradiated, by a succession of 
monochromatic bands of infrared, those radiated frequencies which 
correspond to the intramolecular vibrational frequencies may be 
absorbed wholly, or in part. If the percent of radiation which is 
absorbed by a substance is plotted against the incident wave length 
(or frequency), the ensuing graph may be interpreted in terms of 
235 
the intramolecular vibrations. The graph, therefore, will be 
-I 
characteristic of the material and can be used in its identifi-
cation. In addition it shoold also provide data on the structure 
and bonding characteristics within the molecules. 
Keller aiid Pickett *^ , and Kerr and collaborators are the 
pioneer workers, as regards the application of infrared spectroscopy 
5 
to clay mineralogy. Buswell and Dudenbostel have shown that the 
absorption band at 2,75 microns is due to unbonded OH and that 
bonded OH caused absorption at 2.7 -3.2 microns and again at 6.15 
to 7.55 microns. The absorption at about 6.1 microns shown by 
some of the clay minerals is believed due to adsorbed water and 
the absorption at about 9.0 microns is believed due to the Si-0 
linkages. The octahedral alumina sheet is probably responsible 
for the absorption at about 10.0 microns. The causes of many of 
the absorption bands shown by the clay minerals are not yet under-
stood. Por example, the causes of variations in the spectra within 
the raontraorillonite group cannot yet be related to variations of 
composition or structure. 
According to Adler the minerals of the montmorillonite 
group are related structurally to talc and pyrophillite. Absorption 
curves obtained from high alumina montmorillonite films prepared 
from suspensions show some resemblance to those of the kaolin 
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minerals. Magnesium montmorillonite shows a single band at 
-1 
approximately 1015 cm . Spectra of nontronite, a ferrian 
montmorillonite, shows absorption bands at approximately 1030, 853 
-1 ~1 
and 820 cm . The band at 920 cm i s associated with the vibra-
_1 
tions of the gibbsite layer. 820 cm band is attributed to the 
-1 0-Fe-OH layer. Band at 1120 cm is assigned to the 0~A1-0H layer. 
Absorption bands observed at 3600 cm in case of mascovites 
and chlorites are probably due to lattice OH. Bands were also 
-1 -1 
observed at 2045 cm and 1790 cm . Numerous small bands are 
_1 
present betv/een 2200 and 3200 cm . 
Since the lattice water of the clays is tied up within the 
metal oxide-hydroxide layers as OH groups, the degree to which 
this water is bound may be discernible from an examination of the 
infrared spectra of these hydroxides. Differences may exist among 
the various clay minerals with respect to the degree and the type 
of OH bonding. The OH groups in minerals may exist independently 
of one another or they may be attracted to each other as a result 
of the polari25ing influences exerted by the cations to which they 
are bound. 
Absorption curve of brucite from Texas, was characterized 
by the absence of any absorption features. Gibbsite shows a major 
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- 1 - 1 
band at 1022 cm and a l e s s intense at 970 cm . Absorption i s 
most intense for Boehmite at approximately 1085 cm . 
The graphs obtained by different inves t iga tors for the 
same clay mineral samples have the same general c h a r a c t e r i s t i c s , 
but show considerable var ia t ions in d e t a i l s . Farther inves t iga t ions 
are required t o show which of these minor features of the curves 
are s igni f icant and which are spurious and due to factors of 
technique. 
An attempt has been made to u t i l i s e the infrared technique 
for the i den t i f i ca t i on of minerals present in some of the typica l 
claj^is of Aligarh d i s t r i c t to fur ther support our e a r l i e r f indings. 
E X P E R I M E N T A L -
Less than 2 micron sodium clay suspensions were extracted 
from some typ ica l raw so i l s of the d i s t r i c t as per techniques 
described in the e a r l i e r chapters of t h i s t h e s i s . The suspensions 
were then dried in a warm atraosphere (about 60°G) and powdered 
in a mortar with rubber covered pe s t l e . About two milligrams of a 
200 mesh powder of each sample was then mixed with about 150 mg of 
a previously dried (at 120 G for tv;o hours) potassium bromide powder 
(Merck's, pure grade). The mixture was then f inely ground in an 
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agate mortar and pressed into a transparent disc using a hydraulic 
press and a steel die. The thin film was then mounted on a sample 
holder and the infrared spectra recorded on the Backmann IR 20 
grating spectrophotonieter in KBr medium using the thin film technique 
in the region 600-4000 cm . The results are given vide Figs. 12 to 
19, table CXXXII. The abbreviations used and the intensities 
estimated against the absorption bands are denoted by the following 
letters in table GXXXI. 
B = broad, SH = sharp, VS = very strong, S = strong, 
M = uiediuEi, W = weak, V¥ = very weak. 
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S I S O U S S I O I 
The KBr pellet techniqae used in these investigations 
gave infrared stretching "bands as shown in Figs, 12 to 19 and 
summarised in table CXXXI. The absence of any peaks in the regions 
- 1 - 1 - 1 
3700 cm , 3500 cm and 1650 cm in a l l spectra rule out the 
p o s s i b i l i t y of the presence of montmorillonite and kao l in i t e 
from a l l the s o i l p ro f i l e s of Aligarh d i s t r i c t . 
Occurrence of peaks in the regions 3400-3450 cm" (B,VS), 
1600-1630 cm"'' (SH,M), and 680 cm""' (Y-W) in a l l prof i les except 
in one Ganga khadir layer (49 - 92 cm.) point to a preddjninant 
presence of the mineral i l l i t e in a l l the c lays . The s o i l s of 
Aligarh d i s t r i c t are thus predominantly i l l i t i c . 
Quartz i s indicated in a l l the clays under inves t iga t ion 
—1 by occurrence of a strong s t re tch ing band in the region 1020 cm 
(B,VS), This band i s indicat ive of Si-O-Si l inkage. The mineral 
i s present in suf f ic ien t quan t i t i e s , so much so, tha t Ganga khadir 
l aye r (49 - 92 cm.) i s composed e n t i r e l y of quartz . The s t re tch ing 
between 700 - 780c3i also appears to be due to quar tz . 
Spectra of ch lo r i t e s have been found to exhibit absorption 
-1 -1 -1 
peaks at 3700 cm , 920 cm and 670 cm . The occurrence of 
241 
a b s o r p t i o n bands between 680 - 685 cm." (SH, W t o VW) in a l l 
p r o f i l e s except Ganga kfaiadir l a y e r (49 - 92 cm.) along -witti peaks 
a t 900 cm" (S t o M) in a few cases a r e sugges t i ve of the minera l 
c h l o r i t e in small amounts i n the s o i l s of Al iga rh d i s t r i c t . 
These conc lus ions a re in c lo se agreement wi th the X-ray 
f ind ings on Al iga rh c l a y s . 
E E F E E E N C B S 
1. Rao, G.IT.R. ; "Chemical App l i ca t i ons of I .R . Spec t roscopy" . 
Academic P r e s s , M".Y. 1963. 
2 . K e l l e r , ¥ .D. & P i c k e t t , E.E. Am. Minera l . 34, 855. 1949. 
3 . K e l l e r , W.D. & P i c k e t t , E.E. Am. J . S c i . 248, 264, 1950. 
4 . P i c k e t t , E.E. & Kerr P .P . A . P . I . P r o j e c t 49, Rept. 8 , N.Y. 1950. 
5 . Buswell , A.M. and Dudenboste l , B.F, ; J . Am. Ghem. Soc. 63 , 
2554, 1941. 
6. Adler, H. et al.; Rept. 8.A.P.I. Project 49, Columbia Univ. 
N.Y. 1950. 
CHAPTER YI 
ELEGTROtJETRIC STUDIES PIT SOIvIE 
TYPICAL ALIGARH CLAYS. 
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IITRODUGTION 
The use of electrometric titrations, as a means of identifying, 
clay minerals, is well recognised. The teclmiqae has been extensively 
1 2 
employed, "by Paver and Marshal , Harmon and Praulin , Mukherjee and 
Mitra * * , Grim , Adhikari and Chakarborti , in case of hydrogen 
clays-or to be-more precise on H-Al clays. -Many-workers, particu--
9 10 11 • 
larly, Harvard and Coleman , low , Goates et al. Aldrich and 
12 13 
Buchanan , and Mitra and Singh , have developed methods, of 
preparing clays containing varying proportions of Al and H ions, or 
even pure hydrogen clays and have subjected these to electrometric 
titrations. 
Many clays undergo stiochiometric reactions with various 
reagents. Reactions which involve the cation exchange character 
14 15 
of clays have been reviev/ed by Hauser. Slabough and Gulbertson 
have shown that the•exchangeable hydrogen present in electrodialyzed 
bentonite systems is of two principle types, namely, hydrogen ions 
in the absorbed layers of the colloidal micelles and hydrogen ions 
at the cation exchange sites. These ions show primary and secondary 
characteristics comparable to a typical ditropic acid. The view 
generally held as to the nature of CEO is that most of the exchange-
243 
able cations are such monovalent an^ bivalent cations of the clay-
lattice as balance negative charges caused by isomorphous 
replacements in the tetrahedral and octahedral layers of the 
lattice and are yet accessible to the cations of the contact 
solution. It fails in case of kaolinite clays, where isomorphous 
replacement is rather the exception, than the rule. Kelley and 
16 
~Jenny have expressed the view that^kaolinite owes its CEC to " 
H ions dissociated from the available OH groups of its crystal 
lattice. The alternate is that CEC in kaolin arises from unsatis-
fied oxygen valencies, developed on the lateral surfaces of the 
crystals. 
• The results, on the potentiometric titrations of clay 
suspensions with bases reveal that the pH variations are in a manner 
comparable to those of weak acids. The work of Mukherjee, ' * 
19 
and Bradfield "^  bears enough testimony to this fact. On the basis 
of their electrochemical properties it is possible to differentiate 
clay minerals from one another. Hydrogen kaolinite shows a dibasic 
Of) 
acid character. The ratio of CBC/,ad? two reflexions is nearly 
equal to 2. Mitra ascribed this dibasic character to its possessing 
two categories of hydroxyl groups, those comparising (OH), sheets 
and those belonging to OpOH sheets. Hydrogen montmorillonite shows 
244 
only one inflexion in its titration curve with. NaOH. NaOH titration 
carves show it to be a weak acid whereas when titrated with Ba(0H)2 
or Ca(0H)2 it behaves like a strong acid. ^ '''^ '^^ '^^ ^ 
The application of conductivity measurements in investigating 
clays may be traced back to the times of Gunther, Schuize and 
Weigel who carried out observations on the electrical conductivity 
19 25 
of 25eolites. Bradfield and Baver have shown tha t i t i s easy to 
loca te the equivalence point in d i l u t e clay suspensions although 
i t s r e a l i s a t i o n becomes d i f f i cu l t at higher concentrat ions, Mital 
26 
and Bhattacharya have demonstrated that the inflexion points 
obtained from conductometric titrations are the same as those 
obtained Irom potentiometric methods. 
The following methods have been used for the preparation 
of acid clays: 
1. Acid treatment.- Solubility of clay minerals in acids vary with 
the nature of the acid, concentration of the acid, the acid-to-clay 
ratio, the temperature, the duration of the treatment and also the 
nature of the clay minerals. Hofmann and Endell, ' Glasser and 
29 
Mering ^ have shown that 75-859^  of the total alumina must be removed 
from montmorillonite lattice before it is completely destroyed. 
Mixtures of clay minerals with oxides or hydroxides of aluminum or 
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iron are particularly troublesome to acid treatment. 
2. The second procedure is that of simple dialysis. Although 
equipment has been designed for continuous hot dialysis, the 
removal of divalent cations is very slow. 
30 
3. The technique of electrodialysis was given by Mattson and 
31 32 33 
Bradfiled. Nutting and Kelley have shown that as the cations 
are replaced by H ions, aluminum moves from octahedral position 
34 to exchange positions and Hofmann and Giese have shown that, in 
general, unexchangeable cations are lost from within the lattice 
before all the exchangeable cations are replaced by H ions. 
4. The fourth method of preparation is by the passage of the clay 
suspension through columns of acidic cation exchange resin. Some 
inherent defects in this case are release of adsorbed mineral acid, 
release of acidic molecular fragments from the exchanger, clay 
decomposition, by complex formation betv/een the organic resin 
exchanger and structural Al or Mg of the clay. Rate of transforma-
tion from H-clay to H-Al clay, obtained by ion exchanger technique 
35 
has been studied by Coleman. Behaviour of cl ^ s in neutral salts 
36 37 
or alkaline solutions has also been studied. '•^' Titrations of the 
resin treated clays show much more strongly acid characters than the 
electrodialyzed clays. Low has compared these titration curves 
of electrodialyzed clays and those of mixture of HCl and AlCl,. 
1) 
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Recently Mitra has shown three distinct breaks in the 
conductometric titrations of hentonite. According to him upto 
first break H ions are neutralized, between first and the second 
break Al ions, which occupy exchange sites, are neutralized and 
between the second and third break the alkali is used up in the 
reaction with a weak acid component. Previously Slabough had 
reported that when montmorillonite was titrated in two stages, the 
first stage was lor the neatralization of H"^  ions, strong in 
character, and the second break was for H ions, from different 
9 
sites with lesser bonding energies. Lately Harward and Coleman 
have given the titration curves of montmorillonites and have shown 
only one stage neutralization of H ions. A two stage titration 
41 
has been reaffirmed, by Lai et al., who have shown that between 
+3 + 
the first and second inflexion Al ions and not the weak H ions 
are neutralized. The weak acid neutralized between the second and 
third inflexion has been attributed to be due to broken bond hydroxyl 
groups, or structural OH groups, or a Lewis acid of the type postu-
42 lated by Miliken.^ Almost similar observations have been made in 
the titration curves of micas, illite, attapulgite and nontronite 
by Mitra and coworkers. * Inspite of several workers reporting 
multi-inflexions, Marshall and Krinbill could detect aoly single 
inflexions for all the three group of minerals viz., montmorillonite, 
jllite and kaolinite. 
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The work described in t h i s chapter deals v/ith the po ten t io-
metric and conduc tome t r i e s tudies on some tj'-pical clays ol Aligarh 
so i l prof i les in order to confirm the findings on clay mineralogy 
of Aligarh s o i l s arrived at "by other techniques. 
E X P E R I M E N T A L 
A few typica l so i l samples from the different p rof i l e s of 
Aligarh d i s t r i c t -were selected and then broken up in a mortar using 
a rubber covered pe s t l e . The gravel port ion was removed by sieving 
through B.S.S.Sieve number 7. The organic matter was oxidized with 
a 20 volume solut ion of hydrogen peroxide t i l l no evolution of gas 
occurred. Any excess of peroxide v/as decomposed by gently warming 
the mixture for a few minutes. The cooled mixture was then covered 
with water and so i l dispersed with sodium oxalate . The mixture was 
shaken vigorously by an e l e c t r i c a l s t i r r e r for a few hours, allowed 
to sediment and the clay suspension decanted off as per In te rna t iona l 
p ipe t te method. 
The cley suspension was then t reated with sodium chloride 
and d i lu t e hydrochloric acid t i l l the concentration of the super-
natant l iqu id was 2N with respect to sodium chloride and 0 .W with 
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respect to hydrochloric acid. The mixture was shaken for half an. 
hoar after -which the supernatant acid salt solatlon was removed 
from the clay by decantatlon. The clay was again treated with 
the salt solution, shaken for half an hour, and then freed of 
supernatant liquid. It v;as then washed with distilled water till 
free from chloride ions and the suspension stored in pyrex glass 
bottles and used in the preparation of hydrogen clays whenever 
required. To obtain hydrogen clay the sodium clay suspension 
obtained as above was passed through a column of H-Dowex-50W-X8 
cation exchange resin at a speed of 5 cc per minute till the pH 
of the liquid became cojr)stant (vide Aldrich and Buchanan ). 
Freshly prepared samples of acid clays thus obtained were 
used for potentiometric and conductometric studies. The time 
interval between the preparation of acid clay and each titration 
was kept as miniimani and uniform as possible to avoid the effects 
of aluminium movements in hydrogen clays. Standard solution of 
NaOH was used as titrant. To titrate the clay suspension, 25 cc 
of about 1^ of the clay suspension was taken in a pyrex beaker and . 
the base added in 0.1 to 0.2 cc increments after every three 
minutes. During these intervals the suspension was shaken by a 
magnetic stirrer. The pH measurements were made with Elico pH meter 
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with saturated calomel and glass electrode assembly. The time 
interval of three minutes after each addition was found to give 
sufficiently constant and equilibrium pH readings. All the 
titrations were completed within three hours of the preparation of 
hydrogen clays. 
Similar procedure was adopted for conductivity measurements. 
All the measurements were made at 30°+ 1°C with the help of Philips 
conductivity bridge and dip type cell, 
The results obtained for pH and conductivity measurements 
are recorded in tables GXXXIII to CXXXIX and represented in Pigs, 20 
and 21, curves 1, 2, 3, 4, 5, 6 and 7. A summary of the results 
at and the bee values as obtained from the inflexion points on the 
titration curves for the above clays are recorded in table CXL. 
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TABLE CXXXIII. 
Potentlometric and condiictometrio titrations oi: Ali^arh clay 
from soil profile I. 
(Ganga khadir, 28 - 38 cm.) 
Concentration of hydrogen clay suspension = 0.175g/25 cc. 
Volume of suspension = 25 cc. 
Strength of NaOH = |-
1 f f 
Volume of NaOH ' meq. .of a l k a l i ' pH of the ' Conductance 
i n cc . ' per 
t 
lOOg. c l a y ' 
1 
mixture ' 5 
, X 10 mhos. 
0 ,0 0.0 2.90 34.6 
0.1 5.7 3.20 25.3 
0.2 11.4 3.50 19.9 
0.5 15.1 4.05 17.1 
0.4 22.8 5.05 19.7 
0,5 28.5 6.95 23.1 
0.6 34.2 9.40 27.9 
0.7 40.2 10.05 33.6 
0.8 45.7 10.45 41.1 
0.9 51.4 10.75 45 .3 
1.0 57.1 10.95 50.5 
1.2 68.5 11.20 62.5 
1.4 80.1 11.35 77.8 
1.6 91.4 11.50 87.6 
1.8 102.8 11.55 101.1 
2,0 114.2 11.60 119.4 
2,2 125.9 11.70 131.4 
2 .4 137.1 11.75 131.4 
2.6 148.5 11.80 131.4 
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TABLE CXXXIV. 
P o t e n t i o m e t r i e and conductometr lc t i t r a t i o n s of l l i g a r h cla;g 
from s o i l p r o f i l e I I . 
(Eas te rn uplands , 46^- 58 cm.) 
Concen t ra t ion of tiydrogen c l ay suspension 
Volume of suspension 
S t r eng th of HaOH 
0.a76g/25 cc 
25.0 cc 
To 
Volume of NaOH , meq.of a l k a l i , pH of the 
in cc , per lOOg.olay i mixture 
, Conductance 
5 
' X 10 mhos. 
0.0 
0.1 
0.2 
0.5 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
0.0 2.50 87.6 
3.6 2.75 77.5 
7.3 3.00 69.2 
10.9 3.10 62.5 
14.5 3.25 57.1 
18.2 3.50 52.5 
21.8 3.65 43.8 
25.4 3.85 32.8 
29.0 4.20 31.3 
32.7 4.70 29.8 
36.3 5.25 29.8 
42.6 5.50 34.6 
50.8 6.15 42,4 
58.1 6.60 46.9 
65.3 6.85 50.5 
72.6 7.95 57.1 
79.9 9.15 57.1 
87.1 10.10 62.5 
94.6 10.73 73.0 
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TABLE CXXXIV 
Po t en t i ome t r i c and conductometrlc t i t r a t i o n s of Aliffarh c l a y 
from s o i l -profi le I I I . 
(Centra l lowlands , 80 - 104 cm.) 
Concent ra t ion of hydrogen c lay suspens ion = 0.1655/25 cc 
Volume of suspens ion = 25.0 cc 
S t r e n g t h of HaOH = I ^ ' 
1 t 1 
Volume of FaOH 
in cc . 
' meq. 
' per 
1 
.of a l k a l i ' 
lOOg.clay ' 
1 
pH of the 
mixt ure 
' Conductance 
' 5 
, X 10 mhos. 
0.0 0.0 3*30 13e1 
0.1 6.0 4.10. 8.7 
0.2 12.1 5.05 9.1 
0 .3 18.1 5.65 13.4 
0.4 24.1 6.15 16.8 
0.5 30.1 6.80 19.9 
0.6 36.1 8.45 23.4 
0.7 42.2 9.35 , 26 .3 
0 .8 48.2 9.80 
1 
29.8 
0.9 54.2 10.10 32.1 
1.0 60.2 10.30 34.6 
1.2 72 .3 10.75 43 .8 
1.4 84 .3 11.05 50.5 
1.6 96.4 11.30 62.5 
1.8 108.4 11.45 77.8 
2.0 120.5 11.65 87.6 
2.2 132.5 11.75 93.8 
2.4 144.6 11.80 109.5 
2.6 156.6 11.90 119.5 
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TABlii CXXXVI 
Potentlometrie and conductometric titrations of Allgarh clay 
from soil profile IV« 
(Central lowlands, 152 - 183 cm.) 
Concent ra t ion of hydrogen c l a y saspens ion = 0.3O5g/25 cc 
Volume of s uspension = 25, , 0 cc 
S t r e n g t h of ' NsiOE 
-
= 10 
-
t 1 f 
Volume of WaOH ' meq.of a l k a l i ' pH of t h e ' Conductance 
in cc ' per lOOg. 
t 
c l a y ' 
» 
mixture 5 10 mhos. 
0 .0 0.0 2.85 38.4 
0.1 3.3 2.95 31 .3 
0.2 6.6 3.25 23.1 
0 .3 9.9 3.55 19.9 
0.4 13.2 4 .10 1 17.1 
0.5 16.5 5.50 19.6 
0.6 19.8 6.10 23.1 
0.7 23.1 6.55 27.9 
0.8 26.4 6.95 32.1 
0.9 29.7 8.65 32.5 
1.0 33.0 9.35 37.5 
1.2 39.6 9.95 43 .8 
1.4 46.2 10.40 48.6 
1.6 52.8 10.80 59.7 
1.8 59.4 11.00 69.2 
2.0 66.0 11.20 87.6 
2.2 72.6 11.35 101.1 
2.4 79.2 11.45 109.5 
2.6 85.8 11.45 119.4 
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TABLE CXXXVII 
Potentiometrlc and conductometrie titrations of Aligarh clay 
from soil profile IV. 
(Western uplands, 97 - 149 cm.) 
Concentration of hydrogen cl ^  suspension 
Yolume of suspension. 
Strength of llaOE 
0.2857g/25 cc 
25.0 cc 
10 
Volume 
in c c . 
of FaOH ' meq. 
' per 
of a l k a l i ' 
lOOg.clggr ' 
pH of the 
mix ture 
' Conductance 
' 5 
, X 10 mhos. 
0 . 0 0 . 0 3 . 0 14.0 
0.1 3 .5 3 .4 8 , 0 
0 . 2 7 . 0 4 . 3 6 . 0 
0 . 3 10.5 4 . 8 7 . 0 
0 .4 14.0 5 . 3 7 . 0 
0 .5 17.5 5.7 8 . 5 
0 .6 21.0 6 . 2 9 . 5 
0 .7 24.5 6 . 8 10.8 
0 . 8 28.0 7 . 5 12.0 
0 .9 31.5 8 . 5 15.0 
1.0 35.0 9 . 3 18.0 
1.2 42.0 10.1 25 .0 
1.4 49.0 10.5 32 .0 
1.6 56.0 / 10.8 51 .0 
1.8 63.0 11.0 72 .0 
2 . 0 70.0 11.1 100.0 
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TABLE CXXXYIII 
Potent iometrle and coJ^ dmc tome trie titrations of Aligarh clay 
from soil profile V. 
(Yamuna khadir, 0-51 cm.) 
C o n c e n t r a t i o n of hyd rogen c l a y susp ension = 0. 1 C- \f ig/25 cc 
Volume of suspens lion L = 25 . ,0 cc 
S t r e n g t h of NaOH — 10 
• 
Volume of NaOH 
i n c c . 
t 
t meq. 
per 
of a l k a l i , 
lOOg.clay , 
pH of the 
mix ture 
, Cond 
' X 1C 
.uetance 
5 
r mhos. 
0 . 0 
' 
0 . 0 3 . 0 30.0 
0.1 5 .0 3 .5 20.0 
0 .2 10.0 4 . 3 11.0 
0 . 3 15.0 5 . 3 11.0 
0 . 4 20.0 6 . 0 14.0 
0 . 5 25.0 6 . 5 17.0 
0 .6 30.0 7 . 2 22.0 
0 . 7 35.0 8 . 0 27.0 
0 . 8 40.0 8 . 9 32.0 
0 .9 45.0 9 . 4 35.0 
1.0 50.0 9 . 8 0 43.0 
1.1 55.0 10.0 52 .0 
1.2 60.0 10.2 60.0 
1.3 65.0 10.4 69.0 
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TABLI;; QXXXIX 
Po t en t i ome t r i c and conduc tome t r i e t i t r a t i o n s of Al iga rh c l ay 
from s o i l p r o f i l e VI. 
(Trans Yamuna khad i r , 5 3 - 5 9 eta.) 
Concent ra t ion of hydrogen c l ay suspension = 0,25og/25 cc 
Volume of suspension = 25.0 cc^ 
St rength of NaOH - = | ^ 
Volume of HaOH 
in cc . 
, meq.of a l k s l i , 
, pe r 100g. c l ^ , 
pH of t h e 
mixture 
1 
, CondjUctance 
, X 10-^  mhos. 
0 .0 0 .0 3.2 7 .0 
0.1 4 .0 4.1 4 .0 
0.2 8.0 5.0 4 .0 
0 .3 12,0 5.8 5.0 
0.4 16.0 6.4 5.5 
0.5 20.0 7 .4 9.0 
0.6 24.0 8.5 12.0 
0.7 28.0 9.2 16.0 
0 .8 32.0 9.6 20.0 
0.9 36.0 9.8 26.0 
1.0 40.0 9.9 32.0 
1.2 48.0 10,0 45.0 
1.4 56.0 10.2 60.0 
1.6 64.0 10.2 73.0 
1.8 72.0 10.3 100.0 
2 .0 80.0 10.3 
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R E S U L T S A N D D I S C U S S I O N 
Th.e resmlts of potentiometrie and condactometric t i t r a t i o n 
of. the clays from Aligarh s o i l p ro f i l e s are represented in 
f igures 20 and 21 respec t ive ly . The CEC values as evaluated from 
the inflexion points on the t i t r a t i o n curves are given in table 
CXL, In potentiometric t i trat ions , .mos t ly two breaks were rea l i sed 
in the curves. The f i r s t inf lexion occurred in the pH range 3.3 to 
6,8 and the second in the a lka l ine range (7,5 to 8,5) except in 
Eastern upland clays where the second inflexion occurred at pH = 4.8 
along with a t h i r d inflexion at pH = 6.0. 
The three inflexions reported e a r l i e r by some workers^ *'^ '' 
for i l l i t e could not be rea l i sed during the t i t r a t i o n s except in 
Eastern uplands but the shape of the curves and the main inf lexion 
points in the range 32-35 meq per 100g of clay agreed with the work 
4-6 
of Marshall and Krinbi l l on i l l i t e and with the more recent work 
where freshly prepared acid clays obtained by passing through 
columns of acidic exchange r e s i n s have been t i t r a t e d with inorganic 
bases y ie ld ing only a s ingle break for i l l i t e . The weaker inflexion 
in the range 10 to 18 meq appeared to be due to the presence of 
ch lo r i t e in a l l the c lays . 
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TABLii; OXL 
Inflexions, base exchange capacity and pk values 
of the typical Aligarh clavs as obtained from 
potentiometric and conductometrie titrations. 
Sample No. 
BEG in raeq. from pot en- BEG in.meq. from 
tiometric titrations ' conduc tome trio 
' titrations 
f t f 
1st inflex-, 2nd inflex-,1st inf-,2nd inf-
ion I ion ,lexion ,lexion 
I 
Ganga khadir 
28 - 38 cm. 
_ 32.5 (8.5) 
pkg =4.0 
15.0 -
II 
Eastern uplands 
46 - 58 cm. 
16.0 (3.3) 
pk^ =3.0 
32.5 (4.8) & 
48.0 (6.0) 
pkg =3.2 
pk^ =3.8 
10.0 32.5 
III 
Central lowlands 
80 - 104 em. 
10.0 (4.9) 
pk^ =4.0 
32.5 (7.5) 
pk2 =5.5 
11.0 — 
IT 
Central lowlands 
152 - 183 em. 
13.0 (4.5) 
pk^ = 3.3 
31.0 (8.5) 
pkg =5*6 
12.5 33.0 
V 
Western uplands 
97 - 149 cm. 
12.5 (5.0) 
pk^ =4.0 
32.0 (8.8) 
pkg =5.5 
11.0 «•• 
VI 
Yamuna khadir 
0-31 cm. 
12.5 (4.6) 
pk^ = 3.5 
35.0 (8.0) 
pkp = 5.6 
12.5 N M 
VII 
Trans Yamuna khadir 
33 - 59 em. 
18.0 (6.8) 
pk^ = 5.4 
— 12.5 . "" 
(pH values at inflexion points are indicated in parentheses) 
I 4 0 
I 30 
120 
I30 
I20 
no 
ICO 
9 0 
8 0 
I . X -GANGA KMADIR 2 « -
2.0-EASTERN UPLANDS 4 6 -
3. A-CENTRAL LOWLANDS 8 0 -
4. + -CENTRAL LOWLANDS 152-
S.D-WESTERN UPLANDS 97-
C.m YAMUNA KMADin O-
7. ® - TRANS YAMUNA KHADIR33-
38 CM. 
58 CM. 
I04 CM. 
183 CM 
149 CM. 
31 CM. 
- 59 CM. 
O lO 20 30 4 0 SO 
AMOUNT OF NOOH ADDED IN MEQ PER lOOg CLAY 
CONDUCTOMETRIC TITRATfON OF ALIGARH CLAYS WITH NaOH 
FIG. 21 
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The ratio of the CEG values at the two breaks was 1:3 
approximately. The mineral illite has been found to behave as a 
45 45 tribasic acid by several workers. ' Due to the heterogeneity 
of the clays it is possible that the third inflexion point became 
masked in all cases except the Eastern uplands. The two breaks 
with a ratio of GEO of 1:3 would thus point to the presence of 
illite in all the clays. The fact that the Eastern uplands exhibited 
three inflexions in the titration curve and the fact that X-ray data 
table CXXVI revealed only the presence of illite in this clay 
provided interesting evidence on the tribasicity of illite and the 
masking effects of chlorite and other minerals on the inflexions 
of illite in other clays. 
Prom the relationship pH = pK + log rrrg" i-"t followed that 
at half neutralisation of the first acidity pH = pK., at half neutra-
lisation of the second acidity pH = pKp and so on. From this 
relationship the pK., pKp and pK, values of the Aligarh clays were 
determined from neutralisation curves (Fig.20). The dissociation 
constants proved the existence of chlorite with pK values in the 
range 3 to 4; and of illite in the pK range of 4 to 6 in all the ' 
soils. 
In the conduc tome trie 'titrations, there was an initial fall 
in the conductance of the acid clays on addition of NaOH followed 
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by a r i s e . Here too the "breaks in the t i t r a t i o n carves were almost 
similar to those obtained by potentiometry, though l e s s e r in number, 
thus confirming the r e su l t s obtained by potentiometry. 
The presence of i l l i t e and ch lor i t e was in agreement with 
the values of CEC of the clays reported elsewhere in the t h e s i s . 
Results of CEC and an examination of the t i t r a t i o n curves 
vide Figs.20 and_21 gave an indicat ion of the d i f fe ren te - in t h e -
composition of the samples, Thus i l l i t e content seemed to follow 
the order I I > lY > VI = I I I > V > I > YII. 
The findings were in agreement with the X-ray and infrared 
invest igat ions reported in e a r l i e r chapters of t h i s work. 
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CHAPTEE VII 
THIXOTROPIG BEHAVIOUR OF SOME TYPICAL ALIGABH CLAYS. 
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IMRODUGTIOIT 
Tiae r h e o l o g i c a l 'behaviour of suspensions has proved very-
useful in s tudying p a r t i c l e - p a r t i c l e i n t e r a c t i o n and modes of 
p a r t i c l e a s s o c i a t i o n . The usual t echn ique used i n s t udy ing t h i s 
behaviour i s v i s c o s i t y . In t h e case of c l ay suspens ions many 
a spec t s of t h e i r c o l l o i d a l chemical behaviour have been so unambi-
guously h igh l igh t ed t h a t a new f i e l d of i n v e s t i g a t i o n known as 
"Rheology of Clays" has f a s t developed in r e cen t y e a r s . 
The cond i t ion ing and t h e c h a r a c t e r i s a t i o n of c l a y - w a t e r 
suspens ions which do not behave l i k e t r u e or Newtonian l i q u i d s 
a re the most important ope ra t ions i n ceramic indus t ry e s p e c i a l l y 
in s l i p c a s t i n g and have drawn a t t e n t i o n s i n c e a long t ime . The 
cons i s t ency of a suspension can be c o n t r o l l e d by s u i t a b l e a d d i t i o n 
of an e l e c t r o l y t e which g e n e r a l l y in f luences t h e c o l l o i d chemical 
c h a r a c t e r i s t i c s e s p e c i a l l y t h e tendency to f l o c c u l a t i o n and 
d e f l o c c u l a t i o n . The e f f ec t of adsorbed e l e c t r o l y t e s on the apparent 
v i s c o s i t y and o the r p r o p e r t i e s of monodisperae c l ay -wa te r systems 
1 
have been studied by Spiel and others. 
Many of the materials used in industry do not behave like 
true or Newtonian liquids. They exhibit more complicated flow 
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properties, one common type of which is plastic flow. Materials 
exhibiting this property do not flow until the applied, shearing 
stress exceeds a certain minimum value. The minimum stress is 
designated as the yield value and is indicated by an intercept on 
the stress axis. In terms of a general equation 
P - f = U A ^^ dx 
•where f i s the yield value and U i s the coeff ic ient of p l a s t i c 
viscosi ty . 
P la s t i c flow is frequently associated with an in te rna l 
structui^e that i s temporarily destroyed by s t i r r i n g or shaking but 
reforms again on standing. This property i s designated as th ixo t r -
2 
opy. Originally t h i s term was applied by Pa ter f i in 1927 to a 
revers ib le isothermal ge l - so l -ge l transformation. A th ixot ropic 
mater ia l was defined as a gel that seemingly l iquefied on s t i r r i n g 
3 but returned to the gel s ta te at r e s t . Preundlich, for the f i r s t 
time, recognised the existence of t h i s phenomenon in clays by the 
addition of small amounts of a lka l i e s or a lka l i s a l t s to acid 
bentoni tes . Employing the tube inversion method he was able to show 
tha t th ixotropic pastes could be obtained with water for a f a i r l y 
wide concentration of the clay (10 to 20^); t h e i r time of s e t t i ng 
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varying in a characteristic tnanner with the change in the concen-
* 
t r a t i on of the added e l ec t ro ly t e . Inves t iga t ions with much more 
d i l u t e suspensions supported Freundl ichs ' work as can "be seen from 
the work of Hauser'and coworkers on ul tracentr ifuged c lay suspen-
sions . 
Since 1930 a large amount of experimental work has been 
published and a few hypotheses advanced to explain the phenomenon 
of thixotropy. There i s considerable disagreement among inves t iga-
to rs on su i tab le methods of measurement and the c l a s s i f i c a t i o n of 
thixotropic systems suffer from lack of adequate de f in i t ion . If . 
we adopt the general c r i t e r i o n of a isothermal revers ib le ge l - so l -ge l 
transformation, then various methods of observation can be brought 
into accord. Any suspension tha t exhibi ts a "thinning" when s t i r r e d 
and "thickening" when allowed to stand meets the def in i t ion . 
Although the chemical l i t e r a t u r e abounds in references on 
time of s e t t i n g of gel forming mixtures, very l i t t l e has been said 
about the quant i ta t ive in t e rp re ta t ion of the data . The same is t rue 
for thixotropy where i t has been found d i f f i cu l t to represent i t in 
a quan t i t a t ive fom. The chief works worth mentioning are those of 
5 6 
Schalek and Szegvari, Goodeve and Whitfield and of Green and 
7 
Weltmann. 
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A classification of the methods attempted for measuring 
thixotropy has been given by Green and Weltmann as follows: 
(1) Single point measurements; 
(2) Deflection time curves; 
(3) Single consistency curves; and 
(4) Double consistency curves. 
q 
The first method depends on a measurement of the time 
required for a suspension to form a gel after agitation which 
converts it to a fluied consistency. This method served as the 
basis for many early studies. 
10 The second group of methods represent a refinement in 
technique and involve a torque measuring system and the time 
required for an initial deflection to decrease is recorded. 
The third group of instruments depends upon a measure of 
the force or torque required to stir or agifate a thixotropic 
material at different speeds. In one design a ball is pulled 
11 
through a trough of the suspension at different speeds. 
Rotational viscometers have been used by several investi-
gators, notably Goodeve and Whitfield to obtain essentially single 
consistency curves. Whether or not the methods used by Goodeve et al. 
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represent a v^ alid measuire of thixotropic flow is controversial. 
Measurement of thixotropic flow characteristics have also been 
12 
made by Green and Weltmann. 
When thixotropic materials are studied in a viscometer, 
preferably of a rotating cup type, the change in flow properties 
is most conveniently described as thixotropic breakdown. At a 
given rate of shear, the shearing stress decreases until a steady 
state is reached in which further breakdown is balanced by reforma-
tion of the structural units within the suspension. By taking a 
series of reading, starting at low rates of shear and increasing 
to an arbitrerily fixed limit, and then continuing the measurements 
with a second series of readings at decreasing rates of shear, a 
loop in the flow curve is obtained. This is the method of double 
15 
consistency loop Pryce - Jones was the f i r s t to recognise the 
meaning of the curve. 
This method has been extensively studied by Green and 
12 Weltmann for the quant i ta t ive measurement of thixotropy. In the 
method used by them for the study of pigment vehicle suspensions, 
thixotrop-y was taken as a measure of the area of the loop formed 
by the up and down curves in the r a t e of shear-shearing s t r e s s 
graph. Coincidence of up and down curves i s taken to indicate 
purely p l a s t i c flow without th ixot ropic e f fec ts . 
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In the more fundamental s t u d i e s descr ibed in t h i s chap te r 
Mc Michea l ' s Viscometer has been used f o r s t u d y i n g t h e g e l - s o l - g e l 
t r ans fo rmat ion of some c l a y s cons idered t y p i c a l of t he A l lga rh 
d i s t r i c t . The method has been u t i l i s e d f o r measurement of y i e l d 
value, p l a s t i c v i s c o s i t y and the t h i x o t r o p y of the c l a y - w a t e r 
suspens ions . I t i s cons idered t h a t t he se i n v e s t i g a t i o n s w i l l prove 
useful in the study of the r h e o l o g l c a l behaviour of M i g a r h c l a y s . 
E X P E R I M E N T A L 
SEPARATION OF PLAYS 
The c lays used i n t he se i n v e s t i g a t i o n s were s epa ra t ed from 
a few t y p i c a l s o i l s of Al igarh d i s t r i c t . The s o i l samples used 
fo r t h i s purpose were from p r o f i l e s I (28 - 38 cm.) , I I (46 - 58 cm. ) , 
I l l (80 - 104 cm.) , and V (O - 31 cm.) as mentioned i n Chapter I . 
The s o i l s were powdered in a mor ta r us ing a rubber covered p e s t l e . 
The organic ma t t e r was oxid ised wi th hydrogen peroxide and t h e 
mixtures d i l u t e d wi th d i s t i l l e d wa te r . The s o i l s were then d i spersed 
by e l e c t r i c a l shaking and t h e suspens ions passed through s h e e t s of 
Whatman f i l t e r paper f i t t e d i n the bowl of " I n t e r n a t i o n Chemical" 
c e n t r i f u g e a t a speed of 5500 rpm t o remove coarse m a t t e r . The 
cen t r i fuged suspens ions cons i s t ed of 4.2JU^ clay p a r t i c l e s . 
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The c l ay suspens ions were then t r e a t e d wi th sodiam c h l o r i d e 
and d i l HCl t i l l the c o n c e n t r a t i o n of t h e superna tan t l i q u i d s was 
2IT with r e s p e c t t o sodium c h l o r i d e and 0.1N wi th r e spec t t o HCl. 
The mixtures were shaken fo r ha l f an hour and the supe rna tan t l i q u i d s 
removed. The t rea tment was repea ted t h r e e t imes and t h e sodium 
suspensions freed from c h l o r i d e i o n s . This gave sodium c l a y s . The 
concen t ra t ion was adjus ted to 30?» by wt. of c l ay in each c a s e . 
The suspens ions were then t r e a t e d wi th d i f f e r e n t amounts 
of sodium hydroxide (150 meq. and 350 meq. pe r 100g c l ay ) followed 
by shaking in a mechanical shaker f o r t h r e e hours . The homogeneous 
suspensions were then used for the measurement of t h i x o t r o p y , 
p l a s t i c v i s c o s i t y and y i e l d value us ing s h e a r - s t r e s s s t u d i e s wi th 
t h e help of Mc Micheal v iscometer . 
RHEOLOGIQAL STUDIES BY GREEN AMD WELTMMI^ 'S IVIETHOI) 
Shear s t r e s s s t u d i e s were c a r r i e d out t o s tudy the t h i x o -
t r o p i c behaviour of Al iga rh c l ays i n presence of sodium hydroxide 
(150 and 350 meq. per 100g c l ay ) us ing the r o t a t i o n a l v iscometer . 
The ins t rument used for t h i s purpose was Mc Micheal viscometer type U 
in which one of t h e c y l i n d e r s was r o t a t e d with a given speed (rpm) 
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and the torque on. the other cylinder measured. The apparatus 
consisted of an assembly comprising a disc plunger suspended by 
•means of suspension wire into the sample suspension contained in a 
rotating cup. At any stress (rpm), the disc plunger was subjected 
through the sample to rotational forces which were related to the 
viscous properties of the sample and produced a deflection (shearing 
stress) at which the torsional reaction of the wire suspension just 
balanced the torque excited by the cup through the sample. A 
dynamic equilibriuim was thus produced and the force measured in 
empirical Mc Micheal units. The values were converted into absolute 
units of viscosity by calibration of the instrument with a standard 
mineral oil sample having a viscosity of 8.5 poise at 27 0 and using 
Mc suspension wire No.30. 
Por our viscosity measurements the disc plunger was suspen-
ded in the rotating cup by means of McMicheal suspension wire No.34 
(the wire, the plunger and the cup were kept the same throughout the 
measurements). The internal diameter of the rotational cup and the 
bob were 1.5 cm. and 0.5 cm. respectively. The bob was immersed 
to a depth of 5.0 cm. in the sample under test and to reduce the 
end effects at the bottom of the bob, a recess was provided. 
A definite volume of the gelation mixture was placed in 
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t h e cup upto a given mark on the p lunger . The cup was then r o t a t e d 
at a low speed and the f i n a l . d e f l e c t i o n produced on the d i a l was 
noted. The rpm were recorded on the speedometer a t t ached t o t h e 
instrument . The speed was g r a d u a l l y and con t inuous ly inc reased 
and the d e f l e c t i o n s recorded. Su f f i c i en t t ime was allowed a t each 
success ive rpm fo r t h e t h i x o t r o p i c builft up t o equal t h e t h i x o t r o p i c 
break down. T h i s - s t a t e was-assumed t o be^achieved'when^the def le 'c-
t ion became cons t an t . At a c e r t a i n upper l i m i t , the speed was 
reversed and t h e d e f l e c t i o n s produced a t d e c r e a s i n g speeds v/ere 
then no ted . The r e s u l t s obta ined are recorded in t a b l e s CXLII t o 
CXIIX. 
The values of rpm aga ins t d e f l e c t i o n were p l o t t e d f o r a 
s e r i e s of exper iments . This r e s u l t e d in the formation of an upcurve 
and downcurve g iv ing a minimiajn equ i l i b r ium h y s t e r e s i s loop ( J i g s . 22 
to 25) . All t h e e tper iments were performed with utmost ca re and 
in d u p l i c a t e s so t h a t t he record could be made a t equ i l ib r ium 
p o i n t s and a t the same top rpm. 
DETEIMIMTIOK OF PLASTIC VISCOSITY. YIELD VALUE AED THIXOTROPY 
For t h e de te rmina t ion of p l a s t i c v i s c o s i t y and y i e l d value 
the fo l lowing equat ions der ived from the wel l known Reiner Ri lwin 
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14-equation for p l a s t i c flow were used 
P las t i c v iscos i ty U = ^^"^2^ ^ ( 1 
Yield value f = OT^ ( 2 
where S was the shear or instrument constant, C was another constant, 
St. , the angular velocit5r and T. and Tg the torques. The values 
of the constants were obtained from the relationships. 
S = (^  - ^V^^h (3 
where R(, and R^^ were the radii of the bob and cup respectively, h the 
height of the bob, and torques T. and Tp were the intercepts of the 
tangent at the convex point of the up curve on the deflection axis 
multiplied by the wire constant (equation 5 below). The other 
instrument constant was obtained from the equation, 
S 
c = ( 4 ; 
^c in ^ 
« 
The torques were calculated from the deflection 8 produced 
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on the dial from the relationship 
T Ke ( 5 ) 
where K was the v/ire constant obtained from the re la t ionship 
K 
72-CO 
e s 
wtiere U. was the v iscos i ty of a standard l iqu id (8.5 po ise) , 
e 218°, oj = 2nX and n 30 rpm for the same liquid, 
The thixotropy of the suspensions was obtained from the area 
of the loops of the shear stress curves. The area of the loops was 
determined by measuring it with a planimeter. 
QALGULATIOH OF CONSTANTS 
The instrument constant S and C and the wire constant K were 
calculated as follows: 
_Ei B£ 
47^ h 4 X 3.17 X 4 0.070 . .•.( 1 ) 
C 
In 
n.70 
In 1.5 
0.5 
Q...7X1 
In 3 0.063 . . ( 2 ) 
K 
8.5 X 2 X 30 X 3.17 
218 X 0.70 105.090 . . ( 3 ) 
273 
JABLE CXLI (a ) 
Ins t rument c o n s t a n t s of t he Mc Miciieal Viscometer (S) and (C) 
Radius of ' Radius of ' Height of ' 
bob Rb ' cup Re ' bob "h" ' 
0 
0.5 cm. 1.5 cm. 4 .0 cm. O.O7O 0.063 
TABLE CXLI (b) 
Wire cons tan t of Mc Micheal Viscometer ( K ) . 
"t of s t anda rd ' 
l i q u i d in 
p o i s e 
6 in deg rees ' n in rpm ' <^  
angu la r 
v e l o c i t y . 
K 
8.5 218 50 2nA 105.90 
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TABLE CXLII 
Variation in shearing stress with rate of shear during: g;el-sol-gel 
transformation ox Aligarh clay profile I, 
(Ganga khadir) 
Concentration of sodium clay 
Amount of HaOH added 
Temperature of the suspension 
30/« 
150 meq/IOOgclay 
27°C 
RPM Dial deflection 6 ' Dial deflection © 
in degrees, up curve' in degrees, 
' down curve 
5 
10 
15 
20 
25 
30 
35 
40 
45 
25 
34 
37 
40 
45 
46 
50 
55 
60 
25 
27 
30 
34 
38 
42 
45 
50 
60 
Fig. 22, Curve 2 
(a) I 
30 4 0 
DIAL DEFLECTION 
(b) 
lO 20 so 30 4 0 
DIAL DEFLECTION 
Shear -shearing str«ss curves for thlxotroprc Aligarh (Ganga khadir 28-38 Cm.) 
mixtures wi th (a) NaOH Cone.150 mcq, (b) NaOH Conc.350meq per lOOg Clay; 
open circles upcurves, closed circles downcurves. FIG. 22 
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TABLE CXLIII 
Variation in 3hearin,g; stress with rate of shear during ^el-sol-gel 
transformation of Aligarh clay profile I. 
(Ganga khadir) 
Concentration of sodium clay 
Amount of NaOH added 350 meq./100g clay 
Temperature'of the suspension 27°C 
RPM ' Dial deflect 
' in degrees, 
' up curve 
ion e ' Dial deflection Q 
' in degrees, 
' down curve 
5 29 28 
10 / 38 32 
15 41 35 
20 44 38 
25 47 42 
30 49 45 
35 54 47 
40 59 52 
45 63 63 
Pig. 22, Curve 3. 
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TABLE CXLIV 
V a r i a t i o n in s h e a r i n g s t r e s s vrith r a t e of sh.esi,r du r ing g e l - s o l - g e l 
t r ans fo rmat ion of A l i^a rh c l ay p r o f i l e 11, 
(Eas te rn uplejids) 
Concen t ra t ion of sod lam clay 
Amount of HaOH added 
30^0 
150 meq/100g clay" 
Temperature of the suspens: Lon I ~" 27 °0 
1 
RPM ' Dial deflection 
' in degrees, 
' up curve 
0 Dial deflection 6 
in degrees, 
down curve 
. 5 24 \ 24 
10 28 25 
15 32 27 
20 36 29 
25 39 31 
30 41 35 
35 44 44 
P i g . 23, Curve 1. 
(a) 
(b) 
D 
e 
d 
45 
40 
3 0 
2 0 
1 0 -
O 
4 5 
4 0 
30 
10 
10 
20 30 40 
DIAL DEFLECTION 
. T.2/ .iT.. 
20 30 40 
DIAL DEFLECTION 
SO 
SO 
6 0 
6 0 
Shear-shearing Stress curves for thixotropic Aligarh (Eastern uplands 48-58 Cm.) 
niixlures with (a) NaOH Cone. 150 meq, (b) NaOH Cone. 350 meq per lOOg Clay, 
open cieics upcurves, closed circles downcurves. | FIG.23 
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TABLE CXLV 
Variation in shearing stress vitii rate of shear daring gel-sol-g:el 
transformation of Aligarh clay profile II. 
(Eastern aplands) 
Concentration of sodium clay-
V 
30/* 
Amount of NaOH added 
t 
350 meq/lOOg clay 
Temperature of the suspension = 27°C 
RPM • Dii 
' in 
' up 
al deflect 
degrees, 
curve 
ion 0 Dial deflection 0 
in degrees, 
down curve 
5 37 37 
10 40 37 
15 42 38 
20 44 40 
25 46 42 
30 50 46 
55 53 52 
Pig. 23, Curve 2. 
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TABLE GXLVI 
Variation in shearing stress with rate of shear during gel-sol-gel 
transformation of Aligarh clay profile I I I . 
(Central lowlands) 
Concentration of s Ddium cl sy = 30% 
Amount" of NaOH added" -^ - _ — = 150 meq/l06g clay 
Temperature of the suspension L 
\ 
27 °C 
RPM Dl 
in 
up 
al deflect 
degrees, 
c ur ve 
ion e Dial 
in de 
down 
deflection 6 
;grees, 
c ur ye 
5 23 27 
10 32 30 
15 36 35 
20 40 37 
25 44 40 
30 48 43 
35 52 44 
40 57 57 
Pig , 24, Curve 1 
4 0 
(a) 
E 
d 
3 0 
20 
to 
u 
10 3 0 4 0 
DIAL DEFLECTION 
60 
(b) 
E 
d 
4 0 
3 0 
2 0 
lO' 
10 20 30 4 0 
DIAL DEFLECTION 
SO 6 0 
Shear-shearing stress curves for thixotropic AUgarh (Central lowlands 80-10A Cm.) 
mixtures with (a) NaOH Cone. 150 meq, (b) NaOH Conc. 350 meq per lOOg Clay, open 
circles upcurves, closed circles downcurvcs. FIG. 2 4 
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TABLE CXLVII 
V a r i a t i o n in s h e a r i n g s t r e s s v i t h r a t e of shear dur ing g e l - s o l - g e l 
t r ans fo rma t ion of Aliif^arh c l a y p r o f i l e I I I . 
(Cen t r a l lowlands) 
Concentration of s odium clay = 305^  
Amoimt of NaOH add sd = 350 meq/IOOg clay 
Temperature of the suspension = 27 °G 
RPM ' Dial deflection 0 • Dial deflection 0 
' in degrees, in degrees, 
' up curve down curve 
5 28 28 
10 36 30 
15 40 32 
20 43 36 
25 46 40 
30 49 43 
35 52 45 
40 55 55 
P i g . 24, Curve 2. 
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TABLE CXLVIII 
Variat ion in shearing s t r e s s -vvith r a t e of shear during ge l - so l -ge l 
transformation of Aligarh clay prof i l e V, 
(Yamuna khadir) 
Concent ra t ion of sodiuta clay 
Amount of NaOH added 
30?S 
150 meq/IOOg clay 
Temperature of the SUSP* 3ns ion 27°C 
RPM ' D ia l d e f l e c t 
i n d e g r e e s , 
up curve 
ion 0 D i a l 
in d< 
' down 
d e f l e c t i o n © , 
agrees , 
curve 
5 50 30 
10 36 31 
15 39 33 
20 42 35 
25 45 . 40 
50 48 44 
35 50 48 
40 52 50 
45 54 54 
Fig. 25, Curve 1. 
4 0 -
3 0 
a 
lO 
(a) o 
to 20 30 4 0 
DIAL DEFLECTION 
6 0 70 
E 
d 
4 0 -
3 0 
2 0 
10 
(b) 
10 2 0 30 4 0 
DIAL DEFLECTION 
SO 60 70 
Shear-shearing stress curves for thixotropic Aligarh (Yamuna khadir 0-31 Cm.) 
mixtures wi th (a) NaOH Cone. 150 mcq, (b) NaOH Cone. 350 meq per lOOgCiay; 
open eicles upcurves. closed circles downcurves. ( FIG.25 
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TABLE CXLIX 
Var i a t i on in sheari.aff s t r e s s with r a t e of s h e a r daring g e l - s o l - g e l 
t r ans fo rmat ion of A l iga rh c lay prof l i e \V. 
•(Yamuna khad i r ) 
Concen t ra t ion of sodium c lay 
Amount of NaOH added 
30<fo 
350 meq/lOOg c l ay 
Temperature of the SUSP ens ion » 27°C 
RTM • Di 
' in 
' up 
suL d e f l e c t i o n 
degrees , 
curve 
0 D i a l d e f l e c t i o n 0 
in deg rees , 
down curve 
5 40 40 
10 48 42 
15 53 43 
20 56 46 
25 60 49 
30 63 54 
35 68 60 
40 72 72 
P ig . 25, Curve 2. 
282 
E E S U L T S A N D D I S C U S S I O l f 
The following in te res t ing facts emerged from an invest iga-
t ion of the rheological behaviour of iHigarh c lays . 
In the study-of -the-thixotropic __behaviou.r of the clay 
suspensions in McMicheal viscometer i t was noticed that in most 
of the cases, at a p a r t i c u l a r ra te of shear (proportional to rpm), 
the shearing s t r e s s decreased with time t i l l an equilibrium was 
reached (as shown by a regular decrease in d i a l de f l ec t ion) . The 
behaviour of the Aligarh clay a lka l i mixtures was thus l i k e that of 
a th ixot ropic suspension where at the equilibrium point, a break down 
in structural units was balanced by reformation. 
Thirty percent suspensions of the Na clays in the absence 
of any a l k a l i , however, gave a shear-shearing s t r e s s curve (Pig.22, 
curve 1) in which the up and down curve coincided r e su l t i ng in a 
s t r a igh t l i n e . The ra te of shear was thus d i r e c t l y proport ional to 
the shearing s t r e s s indicat ing that an e lec t ro ly te free suspension 
of base saturated Aligarh clajrs behaved l i k e a t r u ly Newtonian l iqu id . 
In the presence of the a lka l i the up curve and the down curve 
_did not coincide but formed a hysteres is loop (Figs. 22 to 25). In 
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all cases the ap curves made an intercept with the axis of deflection 
and had a small curvature which indicated the existence of an yield 
value; a property characteristic of a~t'ruly plastic'mIteriaX.' Kt 
the two concentrations of the alkali studied (150 meq. and 350 meq. 
per 100g clay), 30^ suspensions of Aligarh clays showed a thixotropic 
character (Pigs,22 to 25) and'a non Newtonian flow, l^ he area of the 
hysteresis loops (TabXe GI) varied in different cases and since the 
thixotropic character of the suspensions could be said to be a 
function of the area of the loop (Green and V/eltmann ) the thixotropy 
of Aligarh clays follov/ed the order I > V > II > III in case of 
150 meq. of sodium hydroxide; and the order Y> III > I > II in case 
« 
of 350 meq. of the electrolyte per 100g clay.' Further the thixotropy 
decreased v;ith a rise in concentration of the alkali in case of 
Ganga khadir and Eastern uplands clays and increased in case of 
Central lowlands and Yamuna khadir clays. 
The curves or loops (Pigs,22 to 25) obtained on plotting the 
deflection against rpai were of the type 
e^ = ax^ ( 1 ) 
where a and b were posi t ive constants , y the def lec t ion on the d i a l 
and X the number of revolutions per minute. 
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Taking logarithin (to the base 10) of both sides 
y log e = log a + b log x ..." ( 2 ) 
If (x^, y.) and (xp, Jn) are any two points on the curve then, 
y^  log e = log a + b log x^  
72 log e = log'a + b log Xg 
Hence b = (j2 ^ 1^ ^  -"-^S ©/log (x2/x^) ( 3 ) 
and a = antilog (yg log e - b log Xo) ( 4 ) 
Also (2) may be written as 
j,^ = (b log X + log a) log^ lO 
or y^ = b (2.303) log x^ + 2.303 log a ( 5 ) 
where n = 1, 2, . . . ., 9 
The constants a and b were calculated from the relations (3) 
and (4); using first two values of x and y from each table. The 
estimated values of y v^ ere calculated from relationship (5) to 
compare them with the observed values of y (deflections). 
The observed and estimated values of y, or deflections of 
V b the upcurve agreed closely in each case so that the law e'' = ax 
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V 
could te taken to represent the curves closely. In the case of 
down curves, hov/ever, the estimated and observed values differed 
slightly and the deviation increased gradually reaching a maximum 
at the last valme. The law e*^  = ax could, therefore, be taken 
to represent the down curves approximately. 
The values of the constants a and b were evaluated for the 
different thixotropic mixtures and are given in table CL. 
The change in plastic-viscosity and yield value' in the 
presence of two concentrations of alkali followed a definite 
pattern (table GL), While in all clays except Yamuna khadir, the 
plastic viscosity declined by an increase in the concentration of 
the alkali from 150 to 350 meq., the yield values exhibited a rise 
with the-increase in alkali concentration in all cases. Since the 
stability of clay saspensions is determined mainly by the plastic 
viscosity and yield value, the alkali was found to be the guiding 
factor in controlling the stability of Aligarh clay suspensions. 
An examination of the data in table GL revealed that plastic 
•viscosity, yield value, and the thixotropic behaviour can serve as a 
guide for distinguishing the different clays from each other. The 
clays were non-Newtonian in presence of sodium hydroxide with 
different yield values, plastic viscosities and thixotropies. 
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The change in the flow behaviour of the Aligarh clay 
suspensions on addition of alkali could be explained on the basis 
of the internal forces within the clays which underwent a change 
on addition of the alkali. The Na and OH" ions resulting from the 
dissociation of the sodium hydroxide brought about a compression of 
the electrical double layer and a decrease in zeta potential of the 
systems. Since the rheologicar behaviour of the clays is very 
sensitive to the changes in the zeta potential, sodium hj^ droxide 
would naturally result in a change in the thixotropic behaviour of 
the systems under investigation and cause the clays to assume 
particular viscometric properties. 
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Studies on some typical soils of Aligarh district 
J P SINGHAL and MOHD AKHTAR 
Faculty of Engineering and Technol'ogy, Aligarh Muslim University, Aligarh (India) 
INTRODUCTION. — The district of Aligarh lies north of Gan-
ga Yamuna doab within the parallels 27°29' and 28°ii' north 
latiture and 77°29' and 78°38' east latitude with an area of about 
5,000 sq. km.-Its climate is aride to subarid with an annual 
rainfall varying from 500 to 650 mm. Topographically the dis-
trict represents a shallow trough like appearance with general-
ly poor drainage. The soils of the district are alluvial with con-
siderable accumulation of salts on the surface and occassional 
compact beds of hard calcium carbonate concretions (kankar) 
at varying depths. These deposits have affected the permeabi-
lity of soils wherever they occur. Some of the lands of the dis-
trict are so barren that the average agricultural yield is low. 
A prehminary survey of the district was undertaken by the 
Soil Survey Organisation') of Uttar Pradesh in J948 when these 
soils were mapped and divided into six principal soil types, ^ 
viz. Ganga khadir (Type one), Eastern uplands (Type 11), Cen-
tral low lands (Type III), Western uplands (Type IV), Yamu-
na Khadir (Type V), and Trans-Yamuna khadir (Type VI). 
The classification was mostly based on pedological principles 
and no detailed study of the soil profiles of the district was un-
dertaken there after except for recent communications on the 
clay mineralogy of some of soils ^), ^),''). 
In view of the above and the importance of the district, 
it was felt that a thorough examination of the physical and che-
mical characteristics of the above soils 'as a whole may provide 
useful data which can be used in improving soil fertility as 
well as the mechanical properties. Such studies have an added 
importance in view of Aligarh being the only district in Uttar 
Pradesh uiider Intensive Agricultural District Programme. 
EXPERIMENTAL. — Soil profiles were exposed in the six typical areas 
of the district as indicated in the Survey Records ') and thirty two samples 
were collected from the various depths of the representative profiles. The 
morphological characteristics of the soils are tabulated in Table x. Soil 
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texture was obtained from the Soil Textural diagram according to the re-
lative proportions of sand, silt and clay, colour by comparision with Mun-
sell Colour Chart and efiervescence with dilute HCl. 
The mechanical analysis was done as per International pipette method 
and is recorded in Table i . The pH and conductivity measurements were 
carried out on 1:5 soil water extracts with Beckman pH meter model G 
and Philips conductivity meter respecti-9ely. Water soluble ions were esti-
mated in the water extract by the usual procedures of chemical analysis 
and conductivity measurements. Variable and improbable results were ob-
tained for bee by ammonium acetate method of Jackson. GANGULI'S 6) 
method gave better results. Exchangeable sodium and potassium were esti-
mated in the neutral ammonium acetate extract by flame photometry and 
calcium and magnesium in the barium chloride triethanolamine extract 
of the soil titrimetrically. CaCOj was determined as per Jackson. The re-
sults are recorded in Table 3. 
The clay fractions of the soils were subjected to analysis for silicon, 
aluminium and iron by the semi-microchemical method of COREY and 
JACKSON ') in which the elements were estimated by spectrophotometric 
technique following NajCOg fusion using molybdosilicic acid, aluminon and 
potassium thiocyanate respectively as colour reagents. Total calcium plus 
magnesium were determined in the solution (left after the removal of Fe, 
Al and Si) by versene titration and calcium alone by using murexide and 
eriochrome black T as indicator following HF treatment. Sodium and po-
tassium were estimated by flame photometry. Blanks were carried out as 
control for impurities of reagents and contamination from glassware. The 
results are recorded in Table 5. 
DISCUSSION. — An examination of the morphological characteristics of 
the soils from different profiles of Aligarh district, vide Table i shows 
that they consist of alluvial material transported and deposited by the 
Ganga and Yanyina rivers. The profiles are weak and cannot be differen-
tiated into well defined horizons. The colour of the soils ranges from light 
grey to dark grey and various shades of yellow and brown. Mostly the 
soils effervesce with dil HCl. All the profiles contain organic matter. The 
distribution of roots is generally good in the upper layers. The natural 
drainage -varies from excessive to poor, the order being, IV > II > VI > 
I > V > III, which is further reflected in CaCO, in profiles II and IV as 
compared to profile III . There are vast concretions of calcareous matter 
forming hard nodules especially in the lower horizons of profile III . The 
chief cause of the development of these large sized concretions appears to 
be the extremely poor drainage of these soils causing aggregation of CaCOj 
into lumps and disturbing^ the S.A.R.. Further in profiles IV and VI pea 
sized hard nodules of ferruginous, manganiferous and calcareous material 
are observed in bottom layers. The deposited material of profiles I, V and 
VI appears to consist of newer alluvium as compared to the alluvium of 
the other profiles. The latter are the highlands while the former khadir 
lands. 
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An examination of the mechanical analysis data vide Table 2 shows 
that soils of the various profiles are more or less uniform in texture. The 
texture is light and either loam or silty loam except the bottom layer of 
profile I which is purely sand. Similarities of topography, climate and na-
tural vegetation seem to be responsible for this behaviour. The percentage 
increase of clay with depth in general, shows a downward trend in pro-
files I and VI with corresponding increase of either sand or silt while the 
reverse appears to be the case with profiles IT. No definite order of distri-
bution of clay content with depth was observed in rest of the profiles. The 
decreasing clay content of profile I with depth appears to be due to depo-
sitional variations caused by the river Ganga and that of profile VI by the 
river Yamuna. 
An examination of the sand and silt fractions revealed the existence 
of quartz, labradorite, calcite, mica, biotite and some dark brown particles 
of ferruginous and manganiferous material brought down by the rivers. 
The physico-chemical characteristics of the different profiles are pre-
sented in Table 3. All the soils of profile III have a pH value higher than 
7 in 1:5 soil extracts except the bottom layers. Incidently intensely alka-
line soils overlie the almost neutral soils of this profile. Also in this profile 
the pH decreases with depth while in profiles IV, V and VI it generally 
increases with depth. 
The equivalent conductivity of 1:5 soil water extract varies from 0.313 
to 1.719 mmhos/cm. On an average it decreases with depth in case of soil 
profiles III and I while reverse is the case in profile V. In other profiles 
there is no definite order and it remains mostly uniform. Water soluble 
salts are highest in soils of profile III, indicating poor dranage of the pro-
file and lowest in soils of profile II indicating extensive leaching of salts, 
the order of solubles being III > V > I > VI > IV > II. The solubles 
often cause efflorescene which can be seen in vast stretches of the lands 
after the rains are over in soil types I, III and V. Bicarbonate is indicated 
in all profiles, being comparatively high in the upper layers of profiles III 
and V. Soluble carbonate is also present in some layers of profile III, IV 
and V. Sodium and potassium are in higher amounts than the divalents 
in the soluble salts of profiles III and V while the reverse is the case with 
profiles II and IV. 
The divalents are in higher proportions than monovalents in profile I 
and they appear to be present as bicarbonates. In profile VI the monova-
lents appear to be present mainly as chlorides. The order of pH agrees 
• with that of the carbonate and bicarbonate and with that of sodium and 
potassium in 1:5 soil water extracts. A high sodium absorption ratio is 
indicated in profiles of soil types III, V and VI while it is low in those 
of I, II and IV. The percentage of CaCOj is higher in soils of profile III, 
I and V as compared to those of II, IV and VI. 
Of the exchangeable cations sodium occurs to the extent of 84.24% 
in the upper layers which sharply falls to about 6.11% in the bottom layer 
of profile III . High values of sodium saturation are also found in soils of 
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profile V and to a smaller extent in the upper layers of profile I. In as-
sociation with soluble sodium these have resulted in the development of 
alkaline conditions in soil profile I, III and V. Segregation of calcium car-
bonate in form of hard nodules seems to be a factor responsible for distur-
bing the S.A.R. of these soils. The high sodium saturation resulting in 
the deflocculation of the soil and « Usar » conditions has rendered the soils 
diificult for normal agricultural use. 
TABLE 4. — U.S D.A Classification of Aligarh soil profiles. 
Soil 
pro-
file 
no: 
Order Subor-
der 
Great group Sub group Family Series Type 
1. Aridisol Orthid Entre orthid Calc-eutreor-
thid 
Calc-eutreor-
thid 
' Loose ' 
Ganga 
khadir 
I 
2. EntisoJ Orthent Dyesterorthent Orthic-dyes-
terorthent 
Orthic-dyes-
terorthent 
' Compact' 
Eastern 
uplands 
II 
3. Aridisol Orthid Entre orthid Orthic-eutre-
orthid 
Orthic-eutre-
orthid 
' Hard ' 
Central 
lowlands 
III 
4. Entisol Orthent Dyesterorthent Orthic-dycs-
terorthent 
Orthic-dyes-
terorthent 
' Loose ' 
Western 
uplands 
IV 
5. Aridisol Aquid Eutreaquid Orthic-eu-
treaquid 
Orthic-eu-
treaquid 
' Hard ' 
Yamuna 
Ichadir 
V 
6. Aridisol Aquid Eutreaquid Sodic-eutrea-
quid 
Sodic-eutrea-
quid 
' Hard ' 
Trans 
Yamuna 
khadir 
VI 
On the basis of pH, exchangeable sodium and equivalent conductivity, 
soils of profile I (upper layer), III (all layers except the two bottom layers) 
and V (all layers except the uppermost) can be classed as alkaline or so-
lonetz. On the other hand all the soils of profile VI and all of profile I 
except the top layer can be classed as saline or solonchaks. Among saline 
salts soils of profile I have a large proportion of calcium and magnesium 
chlorides while those of profile VI have a large proportion of chlorides of 
sodium and potassium. A reference to table III further reveals, that of the 
divalents, calcium saturation is satisfactory except in the upper layers of 
profile III . According to RATNER «) percentages of calcium less than 50% 
of the exchange complex require calcium amendment in soils. Since ap-
plication of lime may result in further increase of pH, the use of gypsum 
as an ameriolative will be more useful in the soils of this profile. 
The bee values for soils in the different profiles are mostly of the lower 
order. This is indicative of the fact that soils of this area have a low ca-
pacity to store and yield the nutrients needed by plants. 
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I h e profiles have not developed any definite horizons and hence they 
can be p u t undei the order azonal, sub order a n d and g iea t group al luvium 
A more comprehensive classification of these profiles based on the U S D A 
system of classification 5) and on some charactei ist ic propert ies of the soils 
has been pioposed vide table IV 
T h e results of chemical analysis of t he clays ext rac ted from the typi -
cal profiles are presented in table V along with their molar ratios The pei-
centages of SiOj FejO^ and Al^O^ do not show abnormal variat ions m dif-
lerent clays The percentage of K^O varies from 2 70 to 4 58 The high 
potash content is indicative of the presence of illite as the dominan t clay 
mineral in almost all the piofiles Except m some layers of profile I I , the 
magnesia content is also high which suggests the presence of montmoi i l -
lonite or chlorite in the soils The low values of bee, however, rule ou t the 
presence of any laige amounts of montmonl loni te I h i s fact finds confir 
mations in silica sesquioxide ratios which va ry from 2 54 to 5 6 (except m 
the upper layer of piofile I I where it is 7 35) The silica a lumina la t ios fur 
ther confirm the presence of chloiite and illite in the different profiles The 
t iend m the molar la t ios of different profiles a t varying dep ths poin ts to 
the presence of almost the same types of clay minerals m the difleient soils 
of Aligarh district though their proportions m a y vary Fur ther work is, 
however, needed on the clay mineialogy of these piofiles before any definite 
conclusions are made Such studies a ie m progress 
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SUMMARY — Thi r ty two soil samples from six typical soil profiles 
of Aligarh district were examined for their physical, chemical and mmero-
logrcal properties The s t u d y revealed t h a t the majori ty of these soils pos-
sessed characteiist ics of solonetz or solonchak soils In a number of cases, 
high S A R values were observed and the exchangeable sodium percentage 
went upto 84 per cent Chemical analysis of clay fractions gave evidence 
for the presence of illite and chlorite as the dominant clay minerals 
Well marked horizons could not be differentiated m the profiles An 
a t t e m p t was made to classify the soils based on then chaiacterist ics and 
the USDA system of classification 
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RESUME — On a examine les propnetes physiques, chimiques et mi 
neralogiques de 32 echantiUons de 6 profils typiques du district d'Aligarh 
Les resultats mdiquent que la plupart de ces sols possedent les caracteristi-
ques de solonetz et de solonchatz Dans bien des cas, on a constate des va-
leuis elevees de S A R et de sodium echangeable (jusqu'S, 84%) L'lllite 
et la chloiite etaient les matenaux argileux dominants 
II n a pas ete possible de detecter des horizons bien definis le long des 
profils On a essaye de classifier les sols sur la base de leurs caracteristiques 
d'apres le systeme U S D A 
ZUSAMMENFASSUNG — Es wurden die physikahschen, chemischen 
und mineralogischen Eigenschaften von 32 Proben von 6 typischen Profilen 
des Bezirks von Aligaih untersucht Die Eigebnisse zeigen, dass der grosste 
Teil besagter Boden die Chaiakteiistiken von Solonetz oder Solonchak 
aufweist In zahlieichen Fallen wurden hohe Werte von S A R und austau-
schbaiem Natrium (bis 84%) festgestellt Illit und Chlorit erwiesen sich als 
die beiden voiherrschenden lehmhaltigen Stofi:e Es wai nicht moghch langs 
der Profiyle scharf abgegrenzte Hoiizonte zu unterscheiden Es 1st der 
Versuch gemacht worden, die Boden auf Grund ihrer Merkmale durch das 
U S D A System zu klassifizieien 
RESUMEN — Se han examinado les propiedades fisicas, quimicas y 
mineralogicas, de 32 muestras de 6 secciones tipicas de la comarca Aligarh 
Los resultados muestran que la mayoria de dichos terrenos las caracteristi-
cas de solonetz o solonchak En muchos casos se han observado altos valo-
res de S A R y de sodio cambiable (hasta el 84%), illita y clorita se han 
magnifestado los matenales arcillosos predommantes 
No ha sido posible distmguir horizontes bien marcados a lo laigo de las 
secciones Se ha hecho una tentativa para clasificar los terrenos con motive 
de sus caratensticas con el sistema U S D A 
RIASSUNTO — Sono state esammate le proprieta fisiche, chimiche e 
mmeralogiche di 32 campiom di 6 profili tipici del distretto di Aligarh 
I risultati mostrano che la maggior parte di tali teireni possiedono le 
caratteristiche di solonetz o solonchak In molti casi sono stati riscontrati 
alti valori di S A R e di sodio scambiabile (fino air84%), Ilhte o clorite 
sono risultati 1 materiali argiUosi dommanti 
Non e stato possibile differenziaie ben marcati orizzonti lungo 1 profili £ 
stato fatto un tentative di classificare 1 terreni in base alle loro caratteristi-
che con il sistema U S D A 
